The American ‘Journal of 


OFFICIAL jouRNAL OF THE American College of Cardiology 


2 LOpy 
Lane Library 
Seminar on the Role of Salt in 
Cardiovascular Hypertension (Part I) 


MELVIN J. FREGLY, PH.D. 
Guest Editor 


A PUBLICATION OF THE Yorke GROUP OCTOBER 1961 


4 
= 
Ec i; 
a 
{96,7 


anorexic with no reported contraindications 


yy) 


Merrell 


nt caraiacs ertensives 
Beant ee Lead Il: at rest. Lez 1¥2 minutes after 10 mg. TENUATE 5 minutes after inject 
gee Ae \ alent to 100 mg. oral dose (4 times 
the : mended oral dose) 
if } | 
insignincant | 
| | 
| 
Inger control wi | 
oO a) it \ \ / 4 
 TENUATE suppresses appe' que ad- 
vantages for ‘“‘specia! ris! o effect ~ 
onheart rate, blood pressur r respira- | 
« tion,’ no alteration of BMR 9- 
Dosage: One 25 mg. Tablet o neals, or re 
1 mew TENUATE DOSPAN Tablet g in mid- ! 
morning, swallowed whole. : add 25 mg. \ ae 
Tablet may be taken in midev | night- Net 
Supply: TENUATE Tablets (25 msg ‘ttles of 1 f~. 
100 and 1000; TENUATE DospP. bl g.each), ~ 
| zs bottles of 100. A d 
References: 1. aitaro, 8.D., eter, E.:2 / 
: J. Lancet 80:526, 1960. 2. Huels, n, Pract. 
Symposium, Detroit, 1959, 3. Horw nication, —. 
3959. 4, Spielman, A. D.: Michiga: mposium, 
Detroit, 1959. 5. Ravetz, E.: M ca ct. Sym- sav = 
posium, Detroit, 1959. 6. Decina Expe Surg. (in THE W M. S. MERRELL MPA! 
press), 7. Scanlan, J.S.: Person: 9. Kroetz of Merrell Ine 
and Storck: Personal communicati Cincinnati, Ohio * Weston, Ontar 
Brochure with full product informat n request. TRADEMARKS: TENVATER SPAN® (MERRELL’S CONTINUO 


& 


. 
a 
i 
40 
& 
2 


in hepatic cirrhosis 


ALDACTONE 


may prolong life...restore patients to productive capacity 


Aldactone, which has demonstrated its ability to 
relieve resistant cardiac edema and ascites, has been 
found particularly effective in relieving the edema 
of hepatic cirrhosis. 


The consistently high level of urinary aldosterone 
and aldosterone secretion rates in cirrhotic patients 
indicate that excessive production of this potent 
salt-retaining hormone is a major factor in their 
retention of fluid. As a selective aldosterone blocker, 
Aldactone may be relied on to relieve aldosterone- 
induced edema and ascites. 


Clowdus and his co-workers' gave Aldactone to 
eight cirrhotic patients whose condition had failed 
_ to respond to salt restriction and conventional diu- 
retics used singly and in combination. All responded 
satisfactorily when Aldactone was added to their 
therapeutic regimen. 


In summarizing their experience with Aldactone 
these investigators state: “‘Aldactone, in conjunction 
with other diuretics and dietary sodium restriction, 
produced a striking and sustained diuresis in each of 
eight patients with ascites that had previously been 
refractory to treatment.” 


Indications: Edema and ascites associated with congestive heart 
failure, hepatic cirrhosis, the nephrotic syndrome and idiopathic 
edema. 


Dosage and Supply: To take advantage of a highly useful syn- 
ergism and to secure immediate optimal diuresis, Aldactone should 
ordinarily be administered with a full dosage of a thiazide diuretic. 
The recommended adult dosage of Aldactone, alone or in com- 
bination, is 100 mg. four times daily. As much as 1,200 mg. may 
be given daily but will rarely be necessary. Aldactone should be 
administered cautiously to patients with hyponatremia or hyper- 
kalemia, and potassium supplementation should not be used. 
a is supplied as compression-coated yellow tablets of 
100 mg. 

1. Clowdus, B. F.; Higgins, J. A.; Rosevear, J. W., and Summerskill, 
W. H. J.: Treatment of “Refractory” Ascites with a New Aldosterone 
Antagonist in Patients with Cirrhosis, Proc. Staff Meet. Mayo Clin. 35:97 
(March 2) 1960. 
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RECOVERY RATE: OVER 90% 


in over 1,000 published cases 
of thromboembolic disease 


cagonarories. | 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 
use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
4. Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 (July) 1955. 2. Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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prevents anginal pain** 
a r a increases exercise tolerance?** 
reduces nitroglycerin requirements** 
A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtual abolition of 
the anginal state. With Marplan, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 


is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marplan therapy. Consult literature and dosage information, available on request, before prescribing. 


References: 1. W. Hollander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. B. Saunders Co., 1959, ROGHE 
p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J., June 6, : 
1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960. 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. LABORATORIES 
Griffith, Clin. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nerv. System, 21 (Suppl.), 101, 1960. Division of Hottmann=La Roche inc. 
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CONTENTS 


Clinical Studies 


Platelet Adhesiveness in Normal! Persons and Subjects with Atherosclerosis. Effect of 
High Fat Mea!s and Anticoagulants on the Adhesive Index. . . . . 459 


Louis HorLIck 


Study of platelet adhesiveness in normal and arteriosclerotic persons reveals a significantly 
higher adhesive index in the arteriosclerotic group, particularly in those with recent myo- 
cardial infarction. ‘The adhesive index tended to rise after a high fat meal. A temporary 
increase in adhesive index or coagulability was observed in 50 per cent of patients treated 
with anticoagulants. These results indicate the adhesive index is a sensitive indicator of 
thrombosis in vivo. 


Determination of Prothrombin Concentration as an Index of Anticoagulant Control 471 


Joun C. Owens, CHARLES A. ARMBRUST, JR., WILLIAM C. SuTTON, 
R. LivesAy AND EPHRAIM L. WAGNER 


The initial prolongation of the one-stage prothrombin time test following warfarin adminis- 
tration reflects the fall in the concentration of factor VII rather than prothrombin concentra- 
tion. If danger of intravascular clotting is to be avoided early during warfarin therapy, 
heparin should be administered for longer periods than usual. The prothrombin concentra- 
tion is a more accurate guide than prothrombin time for the dosage of the coumarin-type 
anticoagulants. A level of 10 to 24 per cent is recommended. 


Relation between Pain and Fatigue in Contracting Ischemic Muscle . . . . . 481 


BruNoO HoRISBERGER AND SIMON RODBARD 


Study of the development of pain and fatigue in the rhythmically contracting ischemic mus- 
cles of the forearm of man confirms Lewis’ P factor concept of pain. Forced continuation of 
muscular work after pain and fatigue develop may produce local] injury. 


Experimental Study 


An Experimental Study of the Electrocardiographic Effects of Localized Myocardial 


485 


J. A. Aprpskov, RosBert S. WILKINSON, JR., WILLIAM A. VINCENT AND 
WILLARD COHEN 


; Localized myocardial lesions produced in twenty-three dogs by the injection of 40 per cent 

F formalin through the wall of the chest caused predictable QRS alterations due to tissue loss 

3 and to conduction disturbances in most animals. Shortcomings of this study include QRS j 
s alterations in some experiments in which lesions were not produced and the failure to find 

3 QRS changes produced by all the lesions. 


Contents continued on page 7 
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lvodine 


Brand of piminodine ethanesulfonate 


ethanesulfonate 


An analgesic for 


Ambulatory patients. 


Whenever codeine or codeine-aspirin com- 
binations are used, Alvodine taken orally can 
relieve pain better without dulling mental 


acuity or enervating the patients. 


3. Cancer patients. 


Alvodine produces relief without weakening 
the cancer patient. Alvodine allows patients to 
eat normally, to maintain their strength 

and to continue their day-to-day activities to 
the extent permitted by their disease. 


| ANY 
2.Postoperative patients. 
Alvedine injected parenterally is as potent 

as morphine, but unlike morphine, it permits 
patients to remain alert postoperatively. It 


favors early mobilization of patients because 
it is usually not hypnotic. 


Alvodine is the first narcotic analgesic with ac- 
tion approaching “pure” analgesia. It relieves 
pain without producing sedation, drowsiness or 
drugged sensation.* This unique characteristic | 
makes Alvodine the most desirable agent for 
pain relief in these three large groups of patients. 


Alvodine Tablets, 50 mg., scored. 

Alvodine ampuls, 1 cc. containing 20 mg. per cc. 
Narcotic blank required. 

Write for detailed information on clinical experience, 
addiction liability, side effects and precautions. 


*In more than 90% of patients 
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Review 


Myocardial Ischemia. Nature of Ischemic Electrocardographic Patterns in the 
Mammalian Ventricles as Determined by Intracellular Electrographic and 
Metabolic Changes 


Myron PRINZMETAL, HipEo ToyosHima, ALI EKMEKcI, YASUSHI M1zuNO 
AND TERUO NAGAYA 


In this review the authors continue their study of the effect of intracellular metabolic changes 
on the electrogram and electrocardiogram in various grades of myocardial ischemia. The 
S-T elevation in severe ischemia is produced by depression of the T-Q segment and is a 
manifestation of negative membrane resting potential of ischemic cells due to loss of potas- 
sium ions and increase in sodium ions. On the other hand, mild ischemia is associated with 
cellular uptake of potassium ions and an increase in membrane resting potential, resulting 
in S-T depression. 


Report on Therapy 


Digitalization by Combined Intravenous and Oral Administration of Two Glycosides. 


MarceEL NEUMANN AND RAYMOND REICH 


In a group of 102 patients the most effective digitalization schedule for combined therapy 
proved to be intravenous administration of Cedilanid-D, 0.8 mg., followed by oral digitoxin, 
0.4 mg., on the same day and the following day, 0.2 mg. on the third day, and 0.1 mg. daily 
thereafter. Individual variations required minor adjustments in dosage. 


Historical Milestones 


John Eberle’s Lectures on Medicine (1827) 


SAUL JARCHO 


Excerpts from lecture notes of John Eberle, a founder of the Jefferson Medical College, re- 
veal what was taught to American medical students in the third decade of the nineteenth 


century. 


Case Reports 


Idiopathic Enlargement of the Right Atrium 


BERNARD H. Pastor AND ANTHONY L. FORTE 

Three patients with idiopathic congenital enlargement of the right atrium are presented. 
Roentgenologic examination usually showed an unusual cardiac silhouette sometimes at- 
tributed to extracardiac lesions. Electrocardiograms reflected no right ventricular pre- 
ponderance. 


Rudimentary Left Coronary Artery 


NANETTE Kass WENGER AND ROBERT J. PEACE 


Living only several days, this premature baby showed left bundle branch block on the elec- 
trocardiogram and a rudimentary left coronary artery at autopsy. 


Contents continued on page 9 
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coronary artery disease 
is not limited to angina 


... neither is Peritrate 


In postcoronary patients with or without angina, 
Peritrate provides the benefits of substantial and 
sustained increase in myocardial blood flow 
without significant change in cardiac output, 
blood pressure or pulse rate. 


electrocardiographic evidence in 


a patient [with] angina 


: tt 
Before Peritrate—S-T segment depressed After Peritrate (20 mg. given 4 hours be- 
after standard exercise. fore exercise test) S-T segment now 
normal. 


radioisotopic tracings of 


a postcoronary patient|without |angina 


ses 


Before Peritrate—Radioisotopic tracing After Peritrate (20 mg. given 2¥2 hours 
shows reduced myocardial blood flow before study) myocardial blood flow sub- 
(shaded area) after infarction. stantially increased. 


Full dosage information, available on request, should be consulted before initiating therapy. 


*Electrocardiograms, radioisotopic tracings and case histories on file in the Medical Department, 
Warner-Chilcott Laboratories 


basic therapy in coronary artery disease 
—with or without angina 


Peritrate 


brand of pentaerythritol tetranitrate makers of Tedral Gelusil Proloid Mandelamine 


GPi4R1 
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Diagnostic Shelf 


Electrocardiographic Changes Noted at the Onset of Coronary Occlusion and 


LAWRENCE E. 


Marked S-T segment elevations rather than the classic T wave changes were the first elec- 
trocardiographic alterations in a case of acute myocardial infarction. Atropine is recom- 
mended to relieve the severe bradycardia in this patient and others with coronary occlusion. 


Seminar on the Role of Salt in Cardiovascular 
Hypertension (Part I) 


MELVIN J. FREGLY 


Changes in Blood Pressure and Body Sodium of Rats Fed Sodium and Potassium 


GeorGE R. MENEELY, JANET LEMLEY-STONE AND WILLIAM J. DARBY 


Rats fed 9.8 per cent dietary sodium chloride revealed increased blood pressure as well as in- 
creased exchangeable and total body sodium. Addition of sufficient potassium to restore 
the dietary ratio of Na:K to 1 maintained significantly lower blood pressure and exchange- 
able body sodium. The increased body sodium in rats with normal serum sodium levels is 
attributed to expansion of the extracellular compartment. 


Resistance to Blood Flow through the Vascular Bed of the Dog Forelimb. Local 
Effects of Sodium, Potassium, Calcium, Magnesium, Acetate, Hypertonicity 


Henry W. OVERBECK, JOycE I. MOLNAR AND FRANcis J. HApDpy 


In the foreleg of the dog increased blood tonicity or slight elevation in the blood concentra- 
tion of potassium, magnesium or acetate produces arteriolar dilation. Decreased tonicity or 
slight elevation of calcium concentration produces active arteriolar constriction. Changes 
in sodium concentration exert little effect except through changes in blood tonicity. 


Effect of Hypertension and Sodium Chloride on Vascular Reactivity in Vitro . . 542 
SAMUEL MALLOv 
In hypertensive rats the arterial walls become structurally and functionally altered. The 
functional alterations include a decreased reactivity to catecholamines and a changed con- 


tractile behavior in the presence of elevated sodium ion concentrations and/or hypertonic 
solutions. 
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Role of Electrolytes in the Contractile Machinery of Vascular Smooth Muscle . . 549 
Davin F. Bour anp Patricia L. GOULET 


This paper discusses the responsibility of the altered functional electrolyte composition in 
vascular smooth muscle for the exaggerated muscular response to normal vasoconstrictor 
stimuli. Potassium influences this response through its cellular membrane gradient and di- 
rectly by its intracellular concentration. Decreased sodium concentration increased re- 
sponsiveness of smooth muscle while lowered calcium levels decreased it. 


A Closer Look at the Problem of Vascular Reactivity of Isolated Aortic Strips . . 557 


Davip B. GORDON AND ALFRED T. NOGUEIRA 


Isolated strips of aorta from hypertensive rats are more responsive to epinephrine than are 
similar strips from normotensive rats. The true maximal responsiveness of the strip can only 
be determined by setting up first sufficient initial tension. These data support the thesis that 
vascular hyperreactivity is an important and possible causal factor in hypertension. 


Sodium and Potassium Exchanges and Peripheral Vascular Resistance . . . . 564 


SYDNEY M. FRIEDMAN AND CONSTANCE L. FRIEDMAN 


These experiments show that vasoconstriction is accompanied by a surge of sodium into the 
cell, potassium meanwhile moving outward. Vasodilation produces converse changes. 


Possible Role of Chronic Excess Salt Consumption in the Pathogenesis of Essential 


Lewis K. DAHL 


The 24 hour urinary excretion of sodium is used as the index of minimal sodium chloride in- 
take by this investigator. This practical index shows a positive correlation between the in- 
gestion of salt and hypertension in several culture groups throughout the world. Hyperten- 
sion is more common among groups habitually eating salt in amounts well in excess of re- 
quirements. 


Pathogenesis of Experimental Hypertension Induced by Salt 


Smmon KOLETSKY 


Although chronic ingestion of salt produces hypertensive cardiovascular renal] disease in the 
rat resembling that in man, the morphologic lesions in both are not strictly comparable. 
Renal ablation in the rat enhances the role of salt loading in hypertensive vascular disease, 
possibly through defective metabolism of sodium. 


Hypertension and Renal Cardiovascular Pathology in Adrenalectomized 
Salt-Loaded Rats . 


GeorGE F. WILGRAM AND Dwicut J. INGLE 


Experiments in rats reveal that salt-loading induces hypertension and early nephrosclerosis, 
even in the absence of the adrenal glands. Mineralosteroids of the adrenal cortex appar- 
ently merely potentiate the primary damaging effect of a high salt load, but are not them- 
selves the primary pathogenic agents. 
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insufficiency? 


provide prompt 


prolonged protection with... 


‘Cardilate’ 


TETRANITRATE 


L/1 ANEW « ‘Because of its rapid action...it may be used like nitroglyc- 
erin before contemplated exertion or excitement when more prolonged prophylaxis 


is desired.”” Russek, H. I.: Am. J.M.Sc. 239 :478, 1960. 


Tablets of 5 mg. and 15 mg. Literature available on request. 


BURROUGHS WELLCOME & CO. (U.S. A.) INC., Tuckahoe, N. Y. 
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VOLUME EIGHT NUMBER FOUR 


ARTHUR GROLLMAN 


Dr. Grollman reviews the physiologic role of salt in maintenance of a normal fluid volume 
and acid-base balance and the role of abnormal sodium metabolism in congestive heart 
failure, renal disease and hypertension. Despite the availability of potent saluretic agents, 
he believes that dietary sodium restriction still constitutes an important procedure in the 
treatment of edema and hypertension. 


S pectal Departments 


1962 Annual Convention 
AMERICAN COLLEGE OF CARDIOLOGY 
Call for Abstracts 


The Eleventh Annual Convention of the College will be held in Denver, 
Colorado at the Denver Hilton, May 29 to June 2, 1962. 

Abstracts of papers intended for the scientific program should be sent before 
January 1, 1962 to Dr. James E. Crockett, Department of Medicine, University 
of Kansas Medical Center, Kansas City, Kansas. Abstracts should be approxi- 
mately 250 words in length. Original and three copies are to be supplied. 

Commercial exhibitors should write to Dr. Philip Reichert, Executive 
Director of the College, Empire State Building, New York 1, New York. Jour- 
nal advertisers will have point priority in the assignment of exhibit space. 

Abstracts of scientific exhibits should also be sent to the office of the Execu- 


tive Director. 


Index to Advertisers on pages 67 and 68 
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ACETAZOLAMIDE LEDERLE 
For gentle diuresis 


In mild to moderate decompensation, DIAMOX closely matches di- 
uretic action to diuretic needs. Gentle removal of water is achieved 
without distorting normal electrolyte ratios. A single morning 
dose provides comfortable, self-limiting daytime action and 
nighttime rest. Tablets of 250 mg. Parenteral, vials of 500 mg. 


Request complete information on indications, dosage, precautions and contraindica- 
tions from your Lederle representative, or write to Medical Advisory Department. 


LEDERLE LABORATORIES. A Division of AMERICAN CYANAMID COMPANY, Pearl River, New York QD 
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...the electrocardiogram [taken] oti exercise is an 


valuable adjunct in the detection of myocardial disease... 


Bellet, S., Deliyiannis, S. and Eliakim, M.: Am. ct 838 mg) 96 


The electrocardiogram during exercise has 
now become a practical procedure with the 
introduction of RKG 100, the radio-electro- 
cardiograph. The RAG 100 eliminates all 
connective cables between patient and 
apparatus and permits unrestricted recording 
of the EKG while subjects are exercising or 
undergoing the physical and emotional stress 
of everyday activity. It has been used suc- 
cessfully with more than 1,200 patients who 
were performing mild (Master Two-Step 
Test) or strenuous (stationary bicycle) 
exercise. Significantly in one clinical study 
conducted with this new instrument, it was 
reported that “...58% of our cases with 
cardiac disease showed changes only or 
chiefly during exercise.””! 


References: 1. Bellet, S., Deliyiannis, S. and Eliakim, M.: Am. J. 
Cardiol. 8:385 (Sept.) 1961. Bellet, S., Deliyiannis, S. and Eliakim, 
M.: Circulation (in press) 


For further information 
about the RKG 100 please write to: 


The RKG 100 system consists of a pocket- 
size, battery operated radio transmitter worn 
by the patient; specially designed, Band-Aid 
type electrodes, and a desk-model receiver 
which can relay the electrocardiographic 
waves to conventional recording equipment, 
an oscilloscope or magnetic tape recorder. 
The transmitter operates on an authorized 
radio frequency allocated by the Federal 
Communications Commission. 

The system can broadcast up to 500 yards 
and the tracings show a stable baseline 
virtually free of muscle noise. The equip- 
ment is simple to operate in a physician’s 
office or hospital. Besides the electrocardio- 
gram during exercise, the RKG 100 offers 
distinct advantages in continuous monitoring 
in operating, recovery and intensive care 
rooms. 


TELEMEDICS INC. 


SOUTHAMPTON 1, 


PENNSYLVANIA 


A Subsidiary of Vector Manufacturing Company, Inc. 


Branch Offices: New York ¢ Philadeiphia Dallas Los Angeles 
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OUR LATEST LIST 


10 Practical Books for the 


Cardiologist 


SURGICAL DISEASES OF THE LUNG by Buford 
Burch, Patton State Hosp., Patton, Calif., and Arthur 
C. Miller, College of Medical Evangelists. The author’s 
informal style of presentation makes this book an ex- 
tremely readable, attractive source of practical 
assistance on such matters as what to do for a patient 
before a diagnosis is established . . how and when to pro- 
ceed when a diagnosis has been made. Pub. Feb. ’61, 
144 pp., 60 il., $8.50 


THE EXERCISE ELECTROCARDIOGRAM IN 
OFFICE PRACTICE by E. Grey Dimond, Scripps 
Clinic and Research Foundation, La Jolla, Calif. Based 
on the author’s personal experience with over 1,000 exer- 
cise electrocardiograms. Details are given of method 
and interpretation as well as precautions. Pub. 


July 61, 180 pp. (11 X 8'/2), 338 il., $10.00 


THE AIR WE BREATHE: A Study of Man and His 
Environment, ediled by Seymour M. Farber and 
Roger H. L. Wilson, both of Univ. of Calif. Covers in 
four sections all phases of a vital and growing problem: 
The “Normal” Atmosphere and Its Variations; The Air 
Pollution Problem of Industry; Urban Living and Air 
Pollution, Smog and Fog; Specific Problems, such as 
“The Effect of Dusts on the Human Lung,” and “En- 
vironment and Cancer.”” Pub. March ’61, 432 pp., 82 
il., $14.00 


TRAUMATIC LESIONS OF PERIPHERAL VES- 
SELS by Carl W. Hughes and Warner F. Bowers, 
both of Tripler U. S. Army Hosp. Each specific trau- 
matic lesion of peripheral vessels is considered separately 
and in detail with pros and cons, fundamental patho- 
physiology, tricks in diagnosis, modes of therapy, and 
criteria of success. Pub. Feb. 61, 208 pp., 110 il., $8.00 


CHEMISTRY AND THERAPY OF CHRONIC 
CARDIOVASCULAR DISEASE by Richard J. Jones 
and Louis Cohen, both of Univ. Chicago. The authors 
review the chemical basis for the pathogenesis and ther- 
apy of three common complications of much chronic 
cardiovascular disease—congestive heart failure, 
thrombosis, and arteriosclerosis. Pub. May ’61, 
63 il. (Amer. Lec. Living Chemistry), $7.50 


A HISTORY OF THORACIC SURGERY by Rich- 
ard H. Meade, Formerly, Univ. of Virginia and Univ. 
Pa. “We are greatly indebted to Dr. Meade for bring- 
ing the present into better perspective with the past, 
and for providing this readable and highly instructive 
account of the development of present day concepts of 
surgery of the thorax.”—From the Foreword by Emile 
Holman. Pub. Aug. ’61, 960 pp., 117 il., $27.50 


PROSTHETIC VALVES FOR CARDIAC SUR- 
GERY by K. Alvin Merendino, Editor-in-Chief. 
Andrew G. Morrow, C. Walton Lillehei, and Wil- 
liam H. Muller, Jr., Associate Editors. All of Univ. 
of Washington (With 250 Participants and Guests). 
Now for the first time all pertinent information on pros- 
thetic valves is available in one source—what has been 
done, what is being tried, and what is being 
planned. Pub. March’61, 616 pp., 393 il., $8.25 


THE TREATMENT OF HYPERTENSION by Sir 
George White Pickering, Univ. of Oxford; William 
Ian Cranston and Michael Andrew Pears, both of 
Radcliffe Infirmary, Oxford. Integrates experimental 
knowledge with clinical wisdom in the cause of the hy- 
pertensive patient and his everyday problems. Pub. 
March ’61, 192 pp., 70 il. (Amer. Lec. Living Chemistry), 
$7.00 


THE PLURICAUSAL CARDIOPATHIES (1961 
Beaumont Lecture) by Hans Selye, Univ. of Montreal, 
Canada. Once again medical history is made with the 
publication of Doctor Selye’s most recent original and 
previously unpublished observations—-observations which 
show that many diseases of the heart are caused, not 
by any one pathogen, but by complex pathogenic situa- 
a. Pub. Aug. 61, 492 pp., 287 il. (2 in full color), 
$21.00 


AN OUTLINE GUIDE FOR THE CARE OF POST- 
OPERATIVE CARDIAC PATIENTS by Merle E. 
White, The Johns Hopkins Hosp. After reading this 
book your nurses will take greater pride in being part of 
a cardiac team and will be more impressed with their 
own important role in the drama of hope for the dis- 
eased heart. Pub. May ’61, 120 pp., 75 il., $6.00 


CHARLES C THOMAS ® PUBLISHER 
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Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient’s ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. . . . 


REFERENCES: 1. Ellis, L. B. et al.: Circulation 17:945, May 1958 
2. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 3. Riseman 
].E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I 
et al.: Circulation 12:169, Aug. 1955. &. Russek, H. I.: Am. J. Cardiol 
3:547, April 1959. 6. Tortora, A. R.: Delaware M. J. 30:298, Oct. 1958 


7. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 


July 1957. 


Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 


Dosage: | or 2 tablets q.i.d. before meals and at bedtime, 
according to individual requirements. CML-3619 


What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 
inducing daytime fogginess. 

Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


Miltown® (meprobamate) + PETN 


WALLACE LABORATORIES / Cranbury, N. J. 
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before 


treatment” 


Cardiac enlargement and Left ventricular strain and hyper- 
pulmonary congestion trephy (ST depression in Lead V4 


+ 
+ 
+ 
tee 
+ $44 


PS SSS 


Re du ction in heart size and Changes toward normal 
clearing of congestion. (less ST depression). 


* case report 


effective by itself in many hypertensives... 
indicated in all degrees of hypertension 


voroDIURIL with RESERPINE 


HYDROCHLOROTHIAZIDE 


4 


Hypertensive retinopathy 
with hemorrhages 


Very little change. Liver not p 


HYDROPRES-25 


25 mg. HydroDIURIL hydrochlorothiazide, 0.125 
mg. reserpine per tablet. One tablet one to 
four times a day. 


also available: 


HYDROPRES-Ka-25 


25 mg. HydroDIURIL hydrochlorothiazide, 0.125 


mg. reserpine, 572 mg. potassium chloride 
(equivalent to 300 mg. potassium) per tablet. 


isn 


HYDROPRES -50 


50 mg. HydroDIURIL hydrochlorothiazide, 0.125 
mg. reserpine per tablet. One tablet one or 
two times a day. 


HYDROPRES-Ka-50 


50 mg. HydroDIURIL hydrochlorothiazide, 0.125 
mg. reserpine, 572 mg. potassium chloride 
(equivalent to 300 mg. potassium) per tablet. 


It is essential to reduce the dosage of other antihypertensive agents, particularly the ganglion blockers, 
by at least 50 per cent immediately upon addition of these agents or of HYDROPRES Tablets to the regimen. 


Before prescribing or administering HYDROPRES, the physician should consult the 
detailed information on use accompanying the package or available on request. 


S}=)} MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., WEST POINT, PA. 


THYDROPRES, HYDROPRES-Ka, AND HYDRODIURIL ARE TRADEMARKS OF MERCK & CO., INC. 


Liver palpable 5 fingerbreadt! Blood pressure 270/1: 
ani 
$3 
alpable Blood pressure 140/72 
Weight 105 pounds 


DRAMATIC 


physical and emotional 


relvef in 


ANGINA 
PECTORIS 


‘round-the-clock 
protection against 
both pain and fear 


Tymcaps 
P COROVAS is a nontoxic, uniform- 
acting, long-acting vasodilator to control 


or prevent attacks of angina pectoris. One 
COROVAS Tymcap upon arising provides 
up to 12 hours of continuous coronary 
vasodilation, and another COROVAS 
Tymcap before the evening meal affords 
maximum protection against seizures all 
night. COROVAS alleviates the associated . 
fear of pain. Reduces the need for emer- 
gency nitroglycerin. Safe and effective for 


long-term therapy. 
SUPPLIED — Boxes of 60 and 120. 


PROLONGED, SUSTAINED ACTION OF VASODILATING PENTAERYTHRITOL TETRANITRATE 
(PETN) 30 MG., AND SEDATIVE SECOBARBITURIC ACID 50 MG. IN EACH COROVAS TYMCAP. 


AMFRE GRANT, INC. 


Brooklyn 26, 
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ARMOUR PHARMACEUTICAL COMPANY 
ANNOUNCES THE FIRST SELECTIVE TENSITROPIC 


|am pleased to inform you of the latest development in our Company's continuing research 
for superior chemotherapeutic agents. 


For patients suffering from tension/anxiety states, we are offering the medical profession 
Listica— a new and selectively different monocarbamate. Frankly, we would be hesitant 
about entering a field already crowded with good drugs were it not for the marked 
differences Listica presents. 


Listica is not “just another tranquilizer." We, therefore, call it The First Selective Ten- 
sitropic. Here are the reasons why: 


New Listica allays tension/anxiety in as many as 89% of cases by selectively inhibiting 
impulses through internuncial pathways of the central nervous system. However, it does 
not affect the unconditioned response; thus, Listica does not induce apathy or impair acuity. 


The past three and one-half years of clinical studies have demonstrated the safety and 
efficacy of Listica in 1,759 patients. There have been no reports of contraindications, 
toxicity, habituation or serious side effects. 


One tablet q.i.d. is adequate dosage to allay tension/anxiety, maintain acuity, and promote 
eunoia *—'‘a normal mental state.” This simple, effective dose remains the same, even 
in maintenance therapy. 


We are sending you samples and published clinical reports on Listica. We will be happy 
to send you a copy of the first “Symposium on Hydroxyphenamate” on request. | believe 
you will find Listica a valuable addition to the arsenal of chemotherapeutics for combatting 


tension /anxiety in your practice. 


Robert A. Hardt, President 


P.S.: Physicians who prefer generic names prescribe “Hydroxyphenamate, Armour.” 


LISTICA—Hydroxyphenamate, Armour. ©1961, A.P. CO, *Stedman's Medical Dictionary. 
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ANNOUNCING THE FIRST 


Symbols of the Age of Tension/Anxiety 


LISTICA by ARMOUR ailays TENSION/ANXIETY... 


ANY maintains acuity... promotes eunoia’. .. 


facilitates somatic diagnosis and therapy 
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SELECTIVE TENSITROPIC 


lifts the facade of 
TENSION/ANXIETY 


maintains 
normal acuity 


enhances 
physician-patient 
rapport 


without known 
toxicity or 
contraindications 


without serious 
side effects 
or habituation 


with convenient 
dosage and 
availability 


LISTICA—Hydroxyphenamate, Armour, 


LISTICA 


New Listica allays tension /anxiety in as many as 89% of cases, ?"!5 by selectively 
inhibiting impulses through internuncial pathways of the central nervous system. 
Whether the patient's tension /anxiety is psychosomatic or a complication of 
somatic disorder, Listica reduces or eliminates the excess impulsivity seen in 
tension /anxiety states. 


Unlike many drugs, Listica does not affect unconditioned response or normal 
motor activity. Thus, Listica allays tension and anxiety without inducing apathy 
or impairing acuity; patients are able to pursue normal activities, such as driving, 
reading, writing, etc., without interference from drug therapy. 


As it removes tension/anxiety, fear and frustration, LISTICA PROMOTES EUNOIA*— 
‘a normal mental state.” It bares the patient's true somatic condition, and facili- 
tates diagnosis and therapy. Patients are more tractable to concomitant drug 
therapy, respond better, faster. 


Listica is safe, as well as effective. Chronic studies* in rats (12 months) and dogs 
(6 months) were free of tcxic manifestations at oral dosage levels as high as 200 
mg./kg./day (approximately 10 times the recommended human dosage). No mac- 
roscopic or microscopic changes in tissues, organs or blood indicative of toxicity 
were observed, even at doses up to 320 mg./kg. In humans, there have been no 
adverse blood, urine or cardiac changes; liver profiles were negative, and jaundice 
has not been noted. 


During three and one-half years of clinical study in 1,759 patients,?-?5 Listica has 
produced no serious side effects. Less than 4% of patients experienced any side 
effects, and these were invariably minor and transient. Most frequent (38 cases) 
was mild drowsiness, which disappeared after the first few days of Listica therapy. 
Habituation, cumulative effects, or withdrawal symptoms have not been noted, 
even in patients taking Listica as long as two years. 


One Listica tablet, q.i.d., is the recommended dosage. Listica is supplied in bottles 
of 50 tablets on prescription only, by pharmacies everywhere. Each tablet contains 
200 mg. of Hydroxyphenamate, Armour. 


References: 


iBastian, J. W.: Classification of CNS Drugs by a Mouse Screening Battery. To be published in Intern. 
Arch, de Pharmacodynamie; 2Hubata, J.A., and Hecht, R.A.: Review of Clinical Use of Hydroxyphena- 
mate (Listica) in 1,759 Patients. To be published in Clinical Medicine; 3Taub, S. J.: Management of 
Anxiety in Allergic Disorders—New Approach. To be published in Psychosomatics; 4Cahn, B.: 
Experience with a New Tranquilizing Agent (Hydroxyphenamate). /bid; 5Alexander, L.: Effect of 
Hydroxyphenamate on Conditional Psychogalvanic Reflex in Man. Supplement to Diseases of the 
Nervous System, Sept., 1961; Cahn, B.: Effect of Hydroxyphenamate in Treatment of Mild and Moder- 
ate Anxiety States. /bid; 7Cahn,M. M., and Levy, E. J.: Use of Hydroxyphenamate (Listica) in Derma- 
tological Therapy. /bid; Davis, O. F.: On Use of Hydroxyphenamate in Anxiety Associated with 
Somatic Disease. /bid; 9Eisenberg, B. C.: Amelioration of Allergic Symptoms with a New Tranquil- 
izer Drug (Listica). /bid; 1°Friedman, A. P.: Pharmacological Approach to Treatment of Headache. 
/bid; 1\Greenspan, E. B.: Use of Hydroxyphenamate in Some Forms of Cardiovascular Disease. /bid; 
12Lunde, F., Davis, J., and Gouldmann, C.: Clinical Trial of Hydroxyphenamate in Alcoholic Patients. 
/bid; 13McLaughlin, B. E., Harris, J., and Ryan, F.; Double Blind Study Involving “Listica,” Chlordi- 
azepoxide, and Placebo" as Adjunct to Supportive Psychotherapy in Psychiatric Clinic. /bid; 14Bastian, 
J. W.: Pharmacology and Toxicology of Hydroxyphenamate. /bid; ‘SBossinger, C. D.: Chemistry of 
Hydroxyphenamate. /bid. 


ARMOUR PHARMACEUTICAL COMPANY, KANKAKEE, ILLINOIS 
Physicians who prefer generic names prescribe ‘“‘Hydroxyphenamate, Armour." 


© 1961, A.P. CO. *Stedman's Medical Dictionary 
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NEW MAGNETIC DATA RECORDER 


es designed for medical researchers, 
teachers and clinicians. Economical data 
storage ... designed to instrumentation standards 
... precise repeatability for data processing... 
wide band width .. . time scale expansion or com- 
pression ... economy and reuseability of tape... 
these are some of the advantages of adding this 
magnetic data recorder to your recording facilities. 


The Sanborn-Ampex Series 2000 Magnetic Data Re- 
corder serves as an ideal companion to other Sanborn 
instruments for biophysical research. Any phenom- 
ena routinely recorded on a direct-writing or photo- 
graphic recorder may be recorded on magnetic tape, 
using the same preamplifiers. Data thus stored can 
later be graphically recorded for detailed study or 


SANB ORN COMPAN Y MEDICAL DIVISION, WALTHAM 54, MASS. 


teaching purposes, displayed on a meter or ’scope, 
or fed into a computer for processing and statistical 
analysis. 

Operation of the instrument is simple and straight- 
forward. All channels may be quickly aligned withaut 
need for auxiliary equipment. 


For complete information call the nearest Sanborn 
Branch Office or Service Agency — or write Manager, 
Research Instrument Sales. 


SANBORN-AMPEX SERIES 2000 MAGNETIC DATA 
RECORDER in mobile cabinet provides up to 7 recording channels, 
4 tape speeds, power supply and Sanborn plug-in electronic circuits 
for either FM (DC to 5000 cps) or direct recording (50-50,000 cps). 
The system uses 44-inch tape on 104%4-inch reels for up to 3.2 hours 
of continuous recording. 
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of a series reporting on Endo 
Laboratories’ Anticoagulant Survey 


The following graph, based on Endo Laboratories’ Anti- 
coagulant Survey, demonstrates the extent to which antico- 
agulation is used in angina pectoris among 3,092 general 
practitioners and 2,626 specialists prescribing Coumadin® 
most often, as compared to 1,689 general practitioners and 
804 specialists using Dicumarol.® 


Therapeuticall 


Prophylactically 


General Practitioners Specialists 


Dicumarol® 
(bishydroxycoumarin) 


Coumadin® 
(warfarin sodium) 


Physicians Treating Angina Pectoris with Oral Anticoagulants— 
Therapeutically and Prophylactically 


While the use of anticoagulants in angina pectoris was 
higher among specialists than among general practitioners, 
both used Coumadin® more frequently than Dicumarol.® 
Tabulation! of all replies to Anticoagulant Survey has shown 
that 61.4 per cent of responding physicians prescribed 
Coumadin® most often, as compared to 27.6 per cent who 
prescribed Dicumarol,® the second most frequently specified 
oral anticoagulant —a ratio of more than 2:1. 


Anticoagulants Widely Used in Coronary Artery Disease 


Because of the relationship of the anginal syndrome to cor- 


onary atherosclerosis, coronary insufficiency, and impending 
myocardial infarction, it is also interesting to note the per- 
centage of physicians who reported their use of anticoagu- 
lants in these conditions.! 


All Anticoagulants 


Indication Therapeutically Prophylactically 


11.3% 10.2% 
29.2% 23.8% 


Coronary Atherosclerosis 
Coronary Insufficiency 


Impending Myocardial 


Infarction 52.5% 39.9% 


Percentage of Physicians Using Anticoagulants in Other 
Coronary Artery Disease 


Anticoagulant Therapy May Prevent First Myocardial 
Infarction 
The findings of Anticoagulant Survey are consonant with 


recently reported clinical experience demonstrating the 
value of long-term anticoagulation in angina pectoris, For 


example, on the basis of his results in general office practice, 
Nora? believes that “long-term anticoagulation therapy not 
only reduces the probability of myocardial infarction in pa- 
tients having sustained previous infarctions but is effective 
in preventing a first infarction in patients with angina.” The 
drug used by Nora was Coumadin. 


“The most significant advantage is the great ease in main- 
taining patients in a therapeutic range. It has been reward- 
ing to find, month after month, patients varying no more 
than three or four seconds in their prothrombin times on 
their established dosage of [Coumadin].”2 


1. Littman, M. L.; Barrett, E. A., and Shapiro, S.: Scientific Exhibit, 110th 
Annual Meet., A.M.A., New York, N. Y., June 25-30, 1961. 2. Nora, J. J.: 
M. Times 89:502, May, 1961; idem: J.A.M.A. 174:118, Sept. 10, 1960. 
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MYOCARDIAN 
INFARCTIO 


INJECTION 


(metaraminol) 


*, A Strong pressor effect with a myocardial-stim- 
ulating action in experimental studies.”' Tens 
of thousands of intramuscular and subcutaneous 
injections. ... Not a single instance of tissue in- 


jury was observed,’”* 


ARAMINE can be administered for pressor effect by any 
route—subcutaneous, direct intravenous, intramuscular, 
intravenous infusion. No slough reported when injected 
into preferred vein of arm. Minimal risk of causing 
arrhythmias. 

Onset of action (intravenous): 1 to 2 minutes. 

ARAMINE is always ready for immediate use—no dilution 
needed. 

ARAMINE is also valuable in shock accompanying ana- 
phylaxis, brain damage, infectious disease, hemorrhage, 


surgery, trauma. 

Supplied: In 1-cc. ampuls and 10-cc. vials (10 mg. metaraminol present as the bitartrate per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 

Additional information is available to physicians on request. 

1. Selzer, A., and Rytand, D. A.: COUNCIL ON DRUGS, Report to the Council, J.A.M.A. 168:762, 
(Oct. 11) 1958, 

2. Weil, M. H.: J.A.M.A. 171:1868, (Nov. 28) 1959. 


€> MERCK SHARP & DOHME, Division of Merck & Co., InNc., West Point, Pa, 
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INFO-DEX* 
HEART 
REGISTRY 
SYSTEM 


... @ basic fool for studying the 
magnitude and nature of the 


cardio-vascular disease problem 


A Vital Aid for Research and Teaching 
for Hospital use and Private office 


has been devised through years of 
research. 


filing system for the evaluation of 
treatments in cardio-vascular diseases. 
An essential feature for teaching and 
research. It contains nine files in one: 
Name file, Diagnostic file (Primary 
and Secondary), Coding of treatment 


and Autopsy file. 


is inexpensive, compact, efficient, and 
can be maintained with a minimum 
of clerical detail. 


REGISTRY SYSTEM now in use in over 
700 hospitals. 


Visit our booth 45 at the American Heart 
Association Meeting at Miami Beach, Florida 


= 17W. 60th Street, New York 23, N.Y. 
= Dept. HC-91 


Write for additional information 
and Free Samples With No Obligation 


teicare 


The Inro-Dex Heart REcistry SysTEM 


The Inro-Dex HEART ReEcistry SysTEM 
is a complete and simplified statistical 


file, Follow-up file, Survival time, Death, 


The Inro-DeEx HEART REGISTRY SysTEM 


The Inro-Dex HEaArT ReEcistry SysTEM 
is patterned after the Inro-DEx CANCER 


“ MEDICAL CASE HISTORY BUREAU 
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Nutsance Suits 
Against Doctors Are 
on the Increase 


Get the true facts on what's happening 
in this troublesome area of your pro- 
fession—in 


Surgery 
Court Cases 


A selection of widely varied cases 
selected, discussed and analyzed by 
Howard. Newcomb Morse, Counsellor 
at Law of the Supreme Court of the 
United States of America. 


Here is enlightening information that 
belongs in every surgeon’s professional 
library. 

(Surgery Court Cases originally ap- 
peared in The American Journal of 
Surgery. ) 


THE AMERICAN JOURNAL 
OF SURGERY 


466 LEXINGTON AVENUE 
New York 17, N.Y. 


Please send _____ copies of Surgery 
Court Cases at $5.00 each. Remittance 


of $________ is enclosed. 

NAME 

ADDRESS 


| 
i 
| 
| 
Address.......... 4 


NEW! 
CARDIOMETER® 


Developed 

in cooperation with 
Dr. K. William Edmark, Surgeon, 
Seattle, Washington 


-».- the complete Cardiac Monitor and 
Control instrument for your Patients! 


The new AO Cardiometer combines four instruments within a single, compact unit: Cardiotachometer, 
Cardioscope, Automatic Pacemaker and Continuous Internal-External Pacemaker. This practical combi- 
nation of functions gives the surgeon, anesthesiologist or clinician the most complete visual and 
audible cardiac control of the patient, plus the necessary expedient automatic resuscitative action at 
the moment of cardiac arrest. Here are some of the many outstanding features offered by this 
exceptional instrument: 

DUAL ALARM SYSTEM can be preset to sound at minimum and maximum tolerances to 

warn of asystole, tachycardia, flutter and fibrillation. 

EKG ON BUILT-IN OSCILLOSCOPE allows continuous observation of the QRS Complex 

. . . gives simultaneous display of pace signal when patient is under pacemaker control. 


DIRECT HEART-RATE READOUT in beats per minute is registered on large easy-to-see dial. 


The AO Cardiometer is a proved instrument, used for constant cardiac monitoring in more than 400 
cases of major thoracic and abdominal surgery. You will find this instrument to be worthy of your 
utmost confidence. Why not arrange for a demonstration of the AO Cardiometer as soon as possible? 


| American Us) Optical naa arrange demonstration of AO Cardiometer. | 
COMPANY 
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In touch 


with the heart... 


with the low-cost METRETEL 1000 


The Ideal System for Remote ECG Signal Monitoring 


The versatility of the Metretel 1000 System 
allows even the hearts of athletes in action 
to be monitored accurately. This low-cost bio- 
medical telemetry instrumentation provides 
the cardiologist, the physiologist, the anes- 
thesiologist and the psychiatrist with the 
latest scientific method for remote monitoring 
of ECG signals. 


The pocket-size, battery-powered transmitter 
weighs only five ounces and transmits up to 
100 feet without external wires or antenna. 
The FM receiver has outputs for standard 
recorder or oscilloscope attachments, and in- 
cludes a battery charger and tester. 


The Metretel 1000 System complies with P 
FCC rules and regulations and is guaranteed : 

against defects in workmanship and materials 

for one year of satisfactory operation. 


Complete price of system: $895.00 f.0.b. Venice, 
Calif. For full information, write: Dept. AJC 10-1 


AVIONICS RESEARCH PRODUCTS CORPORATION 


4254 Glencoe Avenue, Venice, California 


Eastern Regional Office: 
1015 Investment Building, Washington 5, D.C. 
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CENTRAL ACTING PRESSURE LOWERING AGENT 


ANNOUNCING 


CAPLA 


A new drug that works in a new way 
to control blood pressure 
without serious side effects 


CAPLA™ | 
(mebutamate, Wallace) 


CAPLA’ 


(mebutamate, Wallace) 
CENTRAL ACTING PRESSURE LOWERING AGENT 


Capla is a new kind of drug to treat 
hypertension. Chemically, Capla is 
2-methyl-2-sec- butyl-1, 3-propane- 
diol dicarbamate. It is unrelated 
chemically to any other antihyper- 
tensive agent. Capla does not block 
ganglia, reduce blood volume or in- 


Capla act S terfere with neurohormonal balance. 


New therapy 


centrally at for hypertension 


Because of its action at the brain- 


the br alnstem stem vasomotor control center, 

Capla is a new therapy for hyperten- 
Vas omot or center sion. It is effective alone in the treat- 
ment of mild to moderate hyper- 
tension, and can be combined with 
diuretics or peripherally acting anti- 
hypertensives in more severe cases. 


Reduces blood pressure by central action 
is not a ganglionic blocker 


Exceptionally 
well tolerated 


Capla acts rapidly, producing sub- 
stantial blood pressure reduction 
within two hours, yet it does not 
produce postural hypotension. It 
has proved exceptionally well tol- 
erated in clinical use and has no 
known contraindications. Capla has 
not produced changes in renal, hem- 
atological, hepatic or endocrine func- 
tion. It is rapidly eliminated and has 
no cumulative effects. 
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Controls 
blood pressure 


without serious 
side effects 


Capla does not produce depression, 
postural hypotension, nasal congestion 
or gastric hyperacidity 


CENTRAL ACTING PRESSURE LOWERING AGENT 


CAPLA” 


(mebutamate, Wallace 


Capla helps minimize one of the 
most difficult problems of hyperten- 
sion therapy — unwanted and often 
serious side effects. 

With Capla you have effective 
therapy without the unpleasant 
side effects which often cause pa- 
tients to abandon treatment. 

Side effects with Capla, when they 
do occur, are mild and usually tran- 
sient. Transient drowsiness some- 
times occurs, usually at higher dos- 
age. 

Mild calming effect 


Patients on Capla often report a 
mild calming effect. This effect, to- 
gether with the unusual freedom 
from serious side effects, makes ther- 
apy gratifying for both the patient 
and the physician. 


Compatible 
with other drugs 


Hypertensive patients with other 
disorders can receive Capla along 
with other medications. 

For example, patients with con- 
gestive heart failure, angina, and 
diabetes mellitus can receive Capla 
along with such medications as digi- 
talis, nitrates, and insulin—without 
aggravating these other disorders. 
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CAPLA™ 


(mebutamate, Wallace) 
CENTRAL ACTING PRESSURE LOWERING AGENT 


CLINICAL & PHARMACOLOGICAL REPORTS 
1. Berger, F M., and Margolin, S.: A Centrally Acting Blood Pressure 
Lowering Agent (W-583). Fed. Proc. 20:113 (March) 1961. 2. Diamond 
S., and Schwartz, M. Scientific Exhibit at Il| State Med. Soc. Chi 
cago, (May) 1961. 3. Douglas, J F., Ludwig, B. J., Ginsberg, T. and 


Berger, F M.: Studies on W-583 Metabolism. Fed Proc. 20:113 
(March) 1961. 4. Duarte, C., Brest, A. N., Kodama, R., Naso, F, and 


r Sure Moyer, J. H : Observations on the Antihypertensive Effectiveness of 
a New Propanediol Dicarbamate (W-583). Curr. Ther Res., 2:148-52 


(May) 1960 5. DuChez, J. W., Scientific Exhibit at Amer. Academy 


of Gen Practice, Miami, (April) 1961. 6. Kletzkin, M., and Berger, 


e F M.: A Centrally Acting Antipressor agent. Fed Proc. 20:113 
e eC l V e ln (March) 1961. 7. Mulinos, M. G., Scientific Exhibit at Amer. Coll 
Card New York, (May) 1961 8. Mulinos, M. G., Saltefors, S., Boyd, 


L. J and Cronk, G. A.: Human Pharmacology Studies with W-583. 
Fed. Proc 20:113 (March) 1961. 9. Shubin, H., Scientific Exhibit, 


clinical use 


Average Reductions In Systolic And Diastolic Blood Pressure Reported With Capla 
(325 patients) 


mm/Hg MILD MODERATE SEVERE 
B.P. up to 180/100 B.P. from 180/100 to 210/115 B.P. over 210/115 
\ 


SYST. 
= \ 


Usual dose, Capla 300 mg., q.i.d.—duration of therapy, 3 weeks to over 1 year. 


These data show that Capla reduces both systolic and diastolic blood pressure, usu- 
ally in proportion to initial pre-treatment elevations. 


DOSAGE: the recommended dose of Capla is 
one 300 mg. tablet three or four times daily, 


™ before meals and at bedtime. The dosage 
C APL, A should be adjusted to individual require- 
ments; for example, older patients may re- 
CENTRAL ACTING PRESSURE LOWERING AGENT quire lower dosage. 
COMPOSITION: each white, scored tablet 
Wallace Laboratories contains 300 mg. of, Capla (mebutamate, 
Ww) Cranbury, New Jersey Wallace). 


SUPPLIED: bottles of 100, scored tablets. 
Literature and samples to physicians on request. 
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NEW..made from 100% corn oil 


UNSALTED 


MARGARINE 


FOR HYPERTENSIVE PATIENTS 


* contains only 10 mgs. of sodium per 100 grams 
* contains 50% liquid corn oil and 50% partially 


hydrogenated corn oil 
*« has 30% linoleic acid—10 


Because of the relationship of high- 
sodium intake to elevated blood pres- 
sure, new Fleischmann’s Unsalted Corn 
Oil Margarine will prove to be a valu- 
able addition to the dietary regimen of 
your hypertensive patients. It contains 
only 10 mgs. of sodium per 100 grams. 


Fleischmann’s Unsalted Margarine is 
made from 100% corn oil and contains 
both liquid corn oil and partially hydro- 
genated corn oil. Its linoleic acid content 
of 30% is three times higher than the 
10% of regular margarines and ten times 
higher than the 3% of butter. This is the 
only unsalted margarine made from 
100% corn oil. 

The substitution of Fleischmann’s Un- 
salted Corn Oil Margarine for butter or 


In line with the suggestion of the 

American Heart Association to manufacturers, 
we are listing the fatty acid composition of 
Fleischmann’s Unsalted (Sweet) Margarine: 


Unsaturated Fatty Acids: 
Polyunsaturates 
Monounsaturates 


¢ 


Weert 


NS 


Fleischmann's j 


Fresh-Frozen in the green foil package 
in your grocer’s frozen food case 


times that of butter 


ordinary margarines in your hyperten- 
sive patients’ dietary regimen has the 
added advantage of increasing their in- 
take of high polyunsaturates . . . impor- 
tant because of their association with 
hypertension and atherosclerosis. 


If your hypertensive patient needs so- 
dium restriction, recommend Fleisch- 
mann’s Unsalted. It has a light, delicate 
taste that he'll like. Tell him that it is 
available in his grocer’s frozen food case. 


Write now for physician booklet of 5 
coupons—each coupon redeemable by 
your patient for 1 Ib. of Fleischmann’s 
Unsalted Margarine. Address Fleisch- 
mann’s Unsalted Margarine, 625 Madi- 
son Avenue, N. Y. 22, N. Y. Distribution 
presently limited in some areas. 


AVERAGE DAILY INTAKE 
Two Ounces or Eight Pats of Fleischmann’s 
Corn Oil Margarine Will Supply 

Corn Oil—Liquid .......... 22.7 Gm. 
Corn Oil—Partially Hydrogenated . . . 22.7 Gm. 
Sodium (dietetically sodium-free) . . . 6 Mgs. 
Vitamin A (Adult’s Need) ....... 47% 
Vitamin A (Child’s Need) ........ 62% 
_ Vitamin D (Adult’s and Child’s Need) . . . 62% 


ONLY UNSALTED MARGARINE 
MADE FROM 100% CORN OIL 


| 

Saturated Fatty Acids ... 20% Schmann’s | 

4 

| 
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One daily dose controls 


edema and hypertension 


around the clock 


Every tablet delivers 24 hours’ continuous thiazide action 


ENDURON 


Trademark 


(Methyclothiazide, Abbott) Supplied in 2.5 and 5 mg. grooved tablets. 


Enduron’s duration of action is neatly 
matched to the 24-hour day. This 24- 
hour duration permits an ideal dosage: 
“Once a day, every day.” Easy for you 
to supervise, and handy for your pa- 
tients, with fewer forgotten doses, and 
no gaps in your therapy. 

Diuretic response is smooth and con- 
tinuous. Patients continue to eliminate 
excess sodium at a rate well above con- 
trol levels throughout the entire 24- 
hour period.! 


POTASSIUM CONTROL SIMPLIFIED 


Potassium depletion is rare. Enduron’s 
single daily dose causes but a single 
temporary peak of potassium loss. 
Moreover, Enduron’s effect on potas- 
sium has upper limits. Thus doubling 


108224 


the single dose from 5 to 10 mg. ap- 
proximately doubles the output of 
sodium; yet under this same condi- 
tion, potassium output increases little 
or not at all.’ 

Use Enduron to treat the edema of 
congestive heart failure, the nephrotic 
syndrome, hepatic cirrhosis, pre- 
menstrual tension, or steroid therapy. 
Enduron also demonstrates significant 
antihypertensive effect."* You may 
use it as a primary measure for mild 
to moderate hypertension, or as an 


adjunct in more severe cases. 
ABBOTT 


1. Ford, R. V. Current Therap. 
Res., 2:422-430, Sept., 1960. 


2. Fuchs, Morton, and Seller, 
Robert H., to be published. 


3. Bryant, J. M., et al., Current 
Therap. Res., 3:1-4, Jan., 1961. 
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Where blood pressure climbs 


—keep it under control with 


Enduronyl 


Announcing a once-a-day thiazide/rauwolfia antihypertensive 


ENDURONYL 


Trademark 


(Methyclothiazide and Deserpidine, Abbott) (ENDURON ™ and HARMONYL*) 


Yes, just once daily is the dose for 
hypertension. Blood pressure starts 
down steadily: improvement usually is 
substantial within 10 days. Further 
reduction may continue over following 
weeks. At the same time, excess sodium 
and water are consistently eliminated. 

Giving Endurony] just once a day 
means fewer forgotten doses. A 
smoothly sustained therapeutic 
response, too. 

On the other hand, single doses 
produce only one low, brief peak of 
potassium excretion. Hence one-a-day 
dosage means reduced chance of 
potassium depletion, since there’s 
but one daily boost to the patient’s 
potassium outgo. 
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WHAT IS ENDURONYL? 


Enduronyl combines two well- 
established antihypertensive agents: 
(1) Enduron, Abbott’s long-acting 
thiazide diuretic, and (2) Harmonyl, 
a rauwolfia derivative of low side 
effects. Together they provide greater 
hypotensive action than with 
either alone. 

Enduronyl is supplied in two 
formulas, to cover a wide range of 
cases from mild to moderately severe 
hypertension. Would you like the 
literature? Write Abbott, North 


Chicago, III. 


Supplied: 

Endurony!l—(5 mg. Enduron, and 0.25 mg. 
Harmony!) 

Enduronyl Forte—(5 mg. Enduron, and 0.5 
mg. Harmonyl) 


4 
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UNITED STATES CATHETER & INSTRUMENT CORP. 


Originators and sole producers of a complete 
line of Cardiac Catheters and Instruments 


Glens Falls, New York Telephone RX3-2531 


ADVANCED 
ELECTROCARDIOGRAPHY 
COMPLEX ARRHYTHMIAS 


L. N. Katz, R. Langendorf and A. Pick 


MICHAEL REESE HOSPITAL 
AND MEDICAL CENTER 


December 4-8, 1961 


Differential diagnosis of arrhythmias based on fundamental 
physiological concepts. Tuition: $100.00 


For further information write: Miss Beverley Petzold, Cardio- 
vascular Department, Medical Research Institute, Michael 
Reese Hospital and Medical Center, Chicago 16, Illinois. 
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Sintrom: for exceptionally steady prothrombin-time response 


Two established oral anticoagulants. In the treatment of thromboembolic disease, both 
Sintrom and Tromexan reliably bring about hypoprothrombinemic response. 

Distinguished by high potency and its ability to maintain a uniform response with a constant 
single daily dose, Sintrom is particularly suited to long-term therapy. Significantly more 
rapid and transient in action, Tromexan is well adapted to cases calling for more immediate 


control of thrombotic tendencies. 
Full information regarding dosage, side effects, precautions and contraindications available on request. 


Sintrom®, brand of acenocoumarol, is supplied as double-scored tablets of 4 mg. 
Tromexan®, brand of ethyl biscoumacetate, is supplied as single-scored tablets of 150 and 300 mg. H 
Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York si/rr-662-61 


Tromexan: for ultra-rapid action with ready reversibility of effect 


nd of ethyl t 
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new approach to these A-B-C’s 


A recent review of the atherosclerosis problem! points out that «cholesterol j, only one of 
the serum lipids which may be related in some way to atherogenesis” and suggests that “specific 
triglycerides, phospholipids, fatty acids or the whole spectrum of beta-lipoproteins may be of 
equal or greater importance.” 

The role of the low-density beta-lipoproteins has been stressed by Olson’, who suggests that they 
are the primary agents in atherosclerosis. Another recent discussion® has brought out the need for 
a simple and reliable testing procedure for beta-lipoproteins. 

BETA-L TEST® is a specific immunochemical test for estimating serum beta-lipoprotein levels. 
BETA-L TEST reagent contains antibodies which specifically precipitate the beta-lipoproteins in 
human sera. This precipitate is then measured visually. Test requires only one drop of patient’s 
serum and can be performed in 10 minutes. Clinical laboratories equipped with a micro-hema- 
tocrit centrifuge need no other special equipment for test performance. 

In addition to its usefulness in atherosclerotic studies, BETA-L TEST may be found a helpful 
diagnostic and prognostic procedure in diabetes, hypothyroidism, the menopausal state and other 
conditions associated with elevated beta-lipoproteins. 

BETA-L TEST measurements correlate well with total beta (low-density) lipoprotein measure- 
ments obtained by electrophoresis* and polyanion precipitation* and with cholesterol values in 
the beta-lipoproteins’. 

BETA-L TEST is supplied in 60-test kits. 


1. Goldsmith, G. A.: Highlights on the Cholesterol-Fats, Diets and Atherosclerosis Problem, 

J.A.M.A. 176: 783-790 (June 3) 1961. 

2. Olson, R. E.: Prevention and Control of Chronic Disease. I. Cardiovascular Disease—with Particular 
Attention to Atherosclerosis, Amer. J. Public Health 49: 1120-1128 (Sept.) 1959. 


3. Wood, F. C., Gurin, S., and Kuo, P. T.: Medical Correlation Clinic on Atherosclerosis and Coronary Artery 
Disease, Am. Pract.-Dig. Treat. 12: 235-247 (April) 1961. 


4. Heiskell, C. L., et al.: A Simple Method for Quantitation of Serum Beta-Lipoproteins by Means of the 
Immunocrit, Amer. J. Clin. Path. 35; 222-226 (March) 1961. 


5. Bergquist, L. M., Carroll, V. P., Jr., and Searcy, R. L.: Evaluation of a Specific Antiserum for 
Serum- 8 -Lipoprotein Estimations, Lancet i: 537-538 (March 11) 1961. 


HYLAND LABORATORIES 
4501 Colorado Blvd., Los Angeles 39, Calif. 


Branch Office: 160 Lockwood Ave., Yonkers, New York 
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Seheuing 


over 5 years of clinical studies 
...and 4 years of animal studies 
have confirmed the advantages of 


anisindione 


in short- or long-term anticoagulant therapy 


prompt, predictadle, reproducible results + “leads to an initial rapid 
fall in prothrombin activity....’"! Therapeutic levels attained in 48 to 
72 hours - achieves ‘“‘a rather uniform and predictable fall in pro- 
thrombin activity:”? “Results are reproducible.’’3 


easy reversibility...and prompt restoration of effect -« vitamin K, 
“counteracted the effect of MIRADON in a predictable fashion in 5 to 
8 hours.”’* - “The anticoagulant effect can be restored rapidly by 
remedication.”! 


“even-keel” stability in maintenance therapy «Once the prothrombin 
levels had been reduced to the therapeutic bracket, they were main- 
tained there with little difficulty on daily doses of the drug....’" 


Packaging: Mirapon Tablets, 50 mg., bottles of 100. For complete details, consult 
latest Schering literature available from your Schering Representative or Medical 
Services Department, Schering Corporation, Bloomfield, New Jersey. 


References: (1) Lange, K., et al.: Am. Heart J. 55:73, 1958. (2) Lange, K., et al.: 
Anisindione: A new improved anticoagulant, Scientific Exhibit, 106th Ann. Meet., 
A.M.A., New York, June 3-7, 1957. (3) Blaustein, A.: New York J. Med. 58:701, 1958. 
(4) Connell, W. E, and Mayer, G. A.: Canad. M.A.J. 80:785, 1959. (5) Paul, H. A., 
et al: Surg. Gynec. & Obst. 108:605, 1959. $-821 
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serum cholesterol control 
more effective than ever! 
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Your Patients Can Enjoy Fine Foods With Minimum Diet Changes! 


For good eating while maintaining 
serum cholesterol control 


Leading authorities agree that where reduction of se- 
rum cholesterol levels is indicated, fat intake should not 
exceed 1 of total calories and of this, at least 14 should 
be polyunsaturated fats. 

Polyunsaturated fats, such as those found in corn oil, 
are rich in the linoleates which are important in reduc- 
ing serum cholesterol levels. This has been proven time 
and again in nutritional studies of hypercholesterolemia. 
Mazola Margarine and Mazola Corn Oil have outstand- 
ing P/S (polyunsaturate to saturate) ratios. Thus the 
hypercholesterolemic patient can usually enjoy the same 
appetizing foods as the rest of the family. 

Mazola Corn Oil is unexcelled in polyunsaturates and 


*U.S. Pat. No. 2,955,039 


‘MARGARINE 


Table Spreads 


AVERAGE COMPOSITIONS OF MAZOLA® MARGARINE AND MAZOLA® CORN OIL 


(All figures are in grams.) 
MAZOLA MARGARINE 


100 grams 2 oz. (4 tbsp.) 100 grams 1 fl. oz. (2 thsp.) 

Fatty Acids 

Polyunsaturated 21 12 51 14 

Monounsaturated 40 23 32 9 

Saturated 14 8 11 3 
Natural Sitosterols 0.5 0.3 1 0.3 
Natural Tocopherols 0.08 0.045 0.08 0.020 
Cholesterol none none none none 
Sodium 0.9 0.5 none none 


MAZOLA MARGARINE —410 Calories/2 oz.; lodine Value —96 
MAZOLA CORN OIL—250 Calories/fi. oz.; lodine Value—124 


RATIO OF POLYUNSATURATES /SATURATES 


(Average values.) 


MARGARINE 
(MAZOLA) 
High-priced 
pharmaceutical 
margarine 


Ordinary hydrogenated 
corn oll margarine 


Conventional 
margarines 


Butter 


lowest in saturates of all leading brands of vegetable 
oils. Mazola’s P/S ratio is far higher than that of any 
other leading food oil. Your patient will find Mazola 
Corn Oil ideally suited for salad dressings and frying; 
also for baking wherever liquid shortenings are called 
for in the recipe. 


Mazola Margarine* contains liquid Mazola Corn Oil as a 
major ingredient. This corn oil is not hydrogenated, 
thereby preserving its rich content of linoleates. Mazola 
Margarine contains 2 to 3 times as much natural lino- 
leates as any other margarine readily available in gro- 
cery stores from coast to coast. Its taste, color and 
handling characteristics are unexcelled. 


azole 


CORN OIL 


MAZOLA CORN OIL 


Vegetable Oils 


CORN OIL 
e (MAZOLA) 

7 Cottonseed Oil 

Peanut Oil 

Olive Oil 


Write for a copy of A MEAL PATTERN FOR THE HYPERCHOLESTEROLEMIC 
PATIENT. Contains 25 individual instruction sheets for your patients. 


CORN PRODUCTS COMPANY 10 East 56th Street, New York 22, N.Y. 
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Lilly 


/ RESEARCH 


= to improve 
cardiac 
function 


CRYSTODIGIN: 


permits 
accurate dosage titration 


Since initial digitalization and maintenance dos- 
age must be carefully individualized, Crystodigin 
fulfills the important requirements of a preferred 
digitalis. Crystodigin is a crystalline-pure, uni- 
formly potent single glycoside that is completely 
absorbed in the gastro-intestinal tract. With 
Crystodigin, the maximum therapeutic effect can 
be readily obtained by dosage titration in incre- 
ments as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), and 
0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 

Product brochure available; write Eli Lilly 
and Company, Indianapolis 6, Indiana. 


Crystodigin® (crystalline digitoxin, Lilly) 
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Clinical Studies 


Platelet Adhesiveness in Normal Persons and 


Subjects with Atherosclerosis 


Effect of High Fat Meals and Anticoagulants 
on the Adhesive Index” 


Louis Hor LICK, M.D., F.R.C.P.(C) 


Saskatoon, Canada 


UGUID'! HAS FOCUSED ATTENTION on von 
Rokitansky’s original suggestion that 
atheroma is produced by the deposition of “‘an 
endogenous product derived from the blood and 
for the most part from the fibrin of the arterial 
blood.”” In a pathologic study of coronary 
thrombosis, Duguid has described the trans- 
formation of thrombi into atheroma, the fibrin 
being transformed into fibrous tissue and the 
red cells and platelets into the fatty “gruel” 
of the classical atheroma, the whole covered by 
a layer of endothelium. The episodic deposi- 
tion of fibrin, red cells and platelets would 
presumably account for the growth of the ather- 
oma and encroachment on the vessel lumen. 
This theory has received support from studies 
reporting increased coagulability of the blood 
in ischemic heart disease.2~'® McDonald and 
Edgill® noted a statistically significant dif- 
ference between patients with ischemic heart 
disease and controls in respect to thromboplas- 
tin generation, platelet stickiness, fibrinogen 
estimation and prothrombin time. They con- 
ceded, however, that since tissue destruction is 
known to be followed by increased coagulability 
of the blood it was entirely possible that hyper- 


* From the Department of Medicine, University of Saskatchewan, Saskatoon, Canada. 


coagulability might be a result rather than a 
cause of ischemic heart disease. In a later 
study’® they demonstrated that the change in 
coagulability tended to be phasic rather than 
constant with periodic swings from normal 
levels to a state of hypercoagulability. Du- 
guid’s theory did not take into account the 
relationship of dietary fat to atherogenesis. 
During the past few years several studies!'—'® 
have suggested that dietary fat enhances co- 
agulability and have provided a connecting 
link between alimentary lipemia and_ the 
thrombogenic theory of atherogenesis. Mus- 
tard* studied the response to a meal rich in 
animal fats in atherosclerotic patients and in nor- 
mal subjects with and without a family history 
of atherosclerosis. ‘The atherosclerotic individ- 
uals had the greatest mean increase in plasma 
density and Christmas factor activity and a 
decrease in antihemophilic globulin activity. 
The normals with no family history of athero- 
sclerosis showed the least change in these in- 
dices. The normals with a positive family 
history had about the same degree of change as 
did the group with clinical complications of 
atherosclerosis. In both of these groups the 


This work was supported 


by a grant from the National Research Council (Canada). 
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TABLE I 
Effect of Passage through the Fiberglas Filter on a Red Cell Count of Reconstituted Platelet-Poor Citrated Blood 


Prefiltration Postfiltration 
Subject 
Red Blood Platelet Ratio Red Blood Platelet Ratio 
Cell Count Count Red Blood Cell Count* Count* Red Blood 
Cell /Platelets Cell /Platelets 
rs 4,770,000 48 ,000 99.8 4,940,000 32,000 155.9 
R. M. 4,840,000 37 ,000 132.1 4,710,000 30,000 161.5 
F. S. 4,920,000 64,000 76.4 5,040,000 45,000 113.1 
Cc. W. 4,670,000 44,000 105.0 4,650,000 41,000 112.0 
R. H. 4,860,000 67 ,000 72.8 5,030,000 51,000 98.3 


* Corrected for dilution. 


platelet count was more reduced and the pro- 
thrombin time shorter than in the group with 
the negative family and personal histories. 
Mustard’s observations suggest an important 
causal role for hypercoagulability in athero- 
genesis. 

Since platelets are known to play a key role 
in intrinsic clotting mechanisms, we decided to 
study platelet adhesiveness in normal individuals 
and in those with atherosclerosis. Observa- 
tions were also made on the effects of high fat 
meals and anticoagulants on platelet adhesive- 
ness. 


MATERIALS AND METHODS 


Our subjects were normal, healthy students and 
hospital personnel and patients with clinical mani- 
festations of arteriosclerosis of the coronary or 
peripheral vessels or both. Platelet adhesiveness 
was measured by Moolten and Vroman’s method.'® 

Venous blood was drawn into citrated siliconized 
syringes and platelet and red cell counts were done. 
Procaine was used as a diluent for the platelet counts 
which were made with a phase microscope and special 
thin counting chambers.” An aliquot of blood was 
then passed through a specially prepared Fiberglas 
filter and washed through with saline. Counts 
were made on the filtrate. ‘The ratio of red cells to 
platelets was determined from the counts made 
before and after filtration. Dividing the ratio after 
filtration by the ratio before filtration yielded the 
‘‘adhesive index.” All blood samples were filtered 
within ten minutes of being drawn. Serum choles- 
terol was determined by Abell’s method’* and serum 
triglycerides by Van Handel and Zilversmit’s 


method." 


CRITIQUE OF THE METHOD 


In their original report Moolten and Vroman" 
stated that red cell stickiness was negligible and did 
not influence the, adhesive index appreciably. 


However, no specific data were published to support 
this statement. Our own experience suggested 
that red cells were often left behind in the filter 
after the saline washings. The use of a ratio of red 
cells to platelets might compensate for differences in 
filter sizes, and hence for differences in dilution of 
the filtrate, but could not eliminate the possibility of 
differential stickiness of red cells or platelets. 

In an effort to clarify this matter further, a study 
was carried out. Citrated blood was spun at low 
speed (1,000 r.p.m. for 15 minutes) to separate the 
red cells and the platelet-rich plasma. The latter 
was then centrifuged at high speed (4,000 r.p.m. 
for 30 minutes) in a refrigerated centrifuge to precip- 
itate the platelets, and the platelet-poor plasma 
drawn off. The red cells were then resuspended in 
platelet-poor plasma. Red cells and platelet counts 
were made before and after filtration (through the 
Fiberglas filter) (Table 1). There were no significant 
changes in either platelets or red cells after filtration. 
This would support Moolten and Vroman’s state- 
ment that red cells are not retained in the filter 
in significant numbers. The fact that few platelets 
were retained would also suggest that the ‘“‘sticky 
platelets” are retained in the filter, not the nonsticky 
ones surviving high speed centrifugation. 


Finally, we compared the results obtained by 
Moolten and Vroman’s technic with those ob- 
tained by the Wright rotating glass drum tech- 
nic.” In the latter method an aliquot of 
citrated blood is rotated at constant speed in a 
glass drum, and platelet counts are made at 
regular intervals (30, 60 and 90 minutes). 
The sticky platelets presumably adhere to the 
glass and there is no significant adhesion of red 
cells to the glass. In sixteen normal subjects 
in whom a comparison was made between ad- 
hesive index and per cent retention of platelets 
at 30, 60 and 90 minutes, no significant cor- 
relation could be seen (Table 1). 
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TABLE II 


Comparison of Adhesive-Index Values with Retention 
of Platelets in Wright’s Rotating Glass Drum in Normal 


Subjects 
Per Cent Retention of 
Platelets in Rotating 
Sub- Age | _ Drum 
| hesive 

| | Index 

| 30 | 60 | 90 

Min. Min. Min. 

| 
A. L. 50 | 1.07 | 26.4 | 45.2 | 60.4 
R. M. 63 | 1.04 14.2 | 26.8 | 35.4 
F. S. 62 | 1.12 37.4 | 46.6 | 59.2 
C. W. | 1 33.2 | 42.7 | 54.9 
34.1 63.2 | 64.8 
. | 1.00 27.5 | 4.5 | 
E. R. 62 | 1.08 49.2 | 55.4 | 57.9 
Gi. i & 0.98 36.7 | 39.4 | 41.8 
W. L. 75 1.08 10.5 | 15.7 | 21.5 
1 | 1.14 41.0 | 59.9 | 63.9 
poe 54 1.15 5.3 | 12.2 | 28.7 
R. C. 73, | 1.15 | 36.1 | 46.8 | 59.7 
B. S. 2 | 1. 37.4 | 59.4 | 67.7 
P. L. 62 1.02 28.3 | 36.7 | 44.7 
A. M. 51 1.05 28.4 | 43.2 | 51.2 
C. P. 52 1.00 55.1 69.5 | 73.3 


This suggests that the Wright technic and the 
Moolten and Vroman technic measure different 
aspects of platelet behavior. Roskam et al.”! 
have studiéd the behavior of moderately cit- 
rated blood when rotated in Wright’s rotator. 
They concluded that adhesion of platelets to the 
tube of the rotator had something to do with 
clotting processes in their plasmatic atmos- 
phere. The plasmatic atmosphere has_ been 
shown to contain calcium, albumin, alpha, 
beta and gamma globulins, fibrinogen, pro- 
thrombin, proaccelerin, proconvertin (anti- 
hemophilic globulin), Christmas factor, Stuart 
Prower factors and perhaps also antifibrinoly- 
sin. ‘The prolonged period of rotation of the 
blood in Wright’s method is known to wash the 
calcium out of the plasmatic atmosphere 
and render some platelets nonadhesive. Ad- 
hesiveness can be restored by washing the 
platelets in saline and suspending them in 
saline to which calcium chloride has been 
added for 24 hours at 4°c. Moolten and Vro- 
man’s method involves only a brief contact of 
citrated blood and glass, and the subsequent 
washing with saline is not likely to modify the 
plasmatic atmosphere as markedly as prolonged 
rotation. 

It would seem from these findings that neither 
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TABLE 11 
Distribution of Subjects by Age and Sex 


Normal | Arteriosclerotic 
Data 
Men Women Men Women 
Decade 
20-30 3 1 0 
30-40 11 1 3 0 
40-50 14 0 11 0 
50-60 8 0 14 1 
60-70 5 0 6 2 
70-80 2 0 14 0 
49 4 49 3 
Total no. subjects... .. 53 52 
42.4 57.7 
No. over 40 yr........ 29 48 
TABLE IV 
Adhesive Index 
‘ Num- Deter- Mean Adhesive 
Subjects mina- 
ber Index 
tions 
Normal 53 132 1.06 + 0.08 
Arterio- 52 123 1.11 +0.13 
sclerotic p> 0.02 


method measures “platelet stickiness” per se 
but rather a microcosm of the entire platelet- 
plasma coagulation system. 


RESULTS 


Adhesive Index in Normal Individuals and in 
Patients with Coronary Atherosclerosis: One hun- 
dred five subjects were studied. The break- 
down by age, sex and diagnostic grouping is 
given in Table m. There were fifty-three 
normal volunteers and fifty-two patients. Al- 
most all of the patients with coronary arterio- 
sclerosis (forty-eight of fifty-two) were over 40 
years of age, as compared with only twenty-nine 
of fifty-three in the control group. 

The mean adhesive index in the normal group 
was 1.06 (Table 1v). This did not appear to be 
influenced by age as the mean values for those 
over and under age 40 were the same. Of a 
total of 132 individual determinations on 
fifty-three subjects, there were fourteen de- 
terminations with an adhesive index of 1.19 
or greater, involving three subjects. Two of 
these subjects were young men apparently in 
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TABLE V 
Adhesive Index : Daily Variation 
Name | Ges | Age | NP Range Mean | S.D.t | Diagnosis 
| 
Normal Subjects 
| | 
36 18 1.06-1.17 | 1.11 |  +0.073 | Normal 
L.. H. | M 38 8 0.99-1.16 1.10 +0.061 Normal 
W. E. M 29 6 1.01-1.10 1.08 +0.036 | Normal 
C. S. M 46 5 0.96-1.05 1.00 | +0.032 | Normal 
F. C. | M 29 9 1.20-1 .34 1.28 | 0.052 | Normal 
S. D. | F 24 | 9 0.88-1.1T 0.97 +0.091 Normal 
L. B. F 24 10 0.96-1.10 1.04 +0.025 Normal 
I. H. | M 48 | 5 | 1.01-1.07 1.04 | +0.025 Normal 
peel 3 M 37 | 7 | 0.98—1 .07 1.03 | +0.038 Normal 
Arteriosclerotic Subjects 
| | | | 
R. E. M 36 7 1.16-1.20 | 1.18 +0.017 ASHD 
P. E. | M 54 5 | 0.90-1.00 | 0.93 | +0.040 ASHD 
M 44 5 | +0.028 ASHD 
A. E. M | 71 7 1.00-1.21 | 1.12 | +£0.100 Diabetes, PVD 
A. F. M 65 | 8 1.01-1.11 1.05 | +0.070 PVD, ASHD 
pe M 74 5 0.94-1.09 1.04 +0.060 ASHD 
M. LeB. M 2 | 5 1.01-1.23 1.10 | +0.080 ASHD 
R. G. M 58 7 0.99-1 .06 1.02 +0.085 ASHD 
G. McD. M 44 | 7 1.01-1.19 1.07 | +0.060 ASHD, Hyp 
A. M. M 49 5 0.95-1 .28 oe +0.120 ASHD 
C. B. M 48 6 1.00-1.10 1.06 +0.040 ASHD 
A. L. F 76 5 1.08-—1 .28 | 1.14 +0.080 CVD 
Note: ASHD = aarteriosclerotic heart disease; PVD = peripheral vascular disease; Hyp = hypertension; 
CVD = cerebrovascular disease. 
*N = number of subjects. 
7 S.D. = standard deviation. 
TABLE VI good health, 28 and 29 years of age, and the 
Subjects with Arteriosclerosis third was a middle-aged male of 53 years in 
excellent health. The daily variability of the 
| Deas adhesive index in subjects with multiple de- 
Breakdown |Normal| Adhesive terminations is shown in Table v. 
| | Index In the group with coronary arteriosclerosis, 
| the mean value for the adhesive index was 1.11 
All subjects with arterio- | 52 1.11 + 0.13 (Table 1v). Of a total of 123 determinations 
sclerosis — | | on fifty-two subjects, there were twenty-two 
determinations with an adhesive index value of 
within 12 mo. 
Myocardial infarction | 15 111 1.19 or greater, involving sixteen subjects. 
within 1 mo. Multiple determinations were done on ten of 
Angina pectoris 14 1.16 these subjects (a total of forty determinations 
poten men (more | 13 | 05 yielding sixteen values of 1.19 or over). The 
Scnatiaiation (within 39 1.14* daily variation of the adhesive index values is 
12 mo.) and angina shown in Table v. 
pectoris | It would appear, therefore, that normal 


* The difference between the means of this group 
and the normal group is highly significant (p > 0.001). 


individuals show little day to day variation in 
their adhesive index and few high index values. 
Individuals with coronary arteriosclerosis as a 
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TABLE VII 


Lipid Tolerance Test 


| 
Group Sub- Age | Fasting 2 Hours 4 Hours 6 Hours 
| jects | 
Red Blood Cells (in millions) 

Normal | 40.8 | 5.24+0.32 | 5.23 + 0.35 5.23+0.34 | 5.19+0.37 
Arteriosclerotic | 25 $3.2 | 4.76+0.39 | 4.79 + 0.37 4.75+0.43 | 4.7524+0.43 
Platelets (in thousands) 

Normal 25 40.8 | 265.52+73.9 261.29 + 78.3 269.60 + 76.0 | 266.84+ 70.1 
Arteriosclerotic 25 53.2 | 254.20 61.9 254.12 + 63.9 257 .08 + 69.2 244.48 + 68.7 


Serum Triglycerides (mg. %) 


Normal 25 40.8 141.9 + 64.0 | 25.9 + 96.4 289.6 + 154.8 | 210.14 97.3 
Arteriosclerotic 25 53.2 183.4 + 69.8 49.8 + 79.2 344.024+119.4 | 318.44 130.0 
P 0.05 0.4 0.2 0.01 
Adhesive Index 
Normal 25 40.8 | 1.03 + 0.06 1.04 + 0.07 1.05+0.06 | 1.04 + 0.05 
Arteriosclerotic 25 53.2 1.1440.12 | 1.19+0.10 1.19+0.09 |* 1.14+0.08 
P 0.001 0.001 0.001 0.001 


Serum Cholesterol (mg. %) 


| 
Normal 25 0.8 | 248.08 + 54.8 
Arteriosclerotic 25 53.2 296.49 + 60.2 
P 0.01 


group have a higher mean adhesive index value 
and a greater intraindividual variability. When 
a more precise breakdown of the group with 
arteriosclerosis was attempted (Table v1), there 
appeared to be no significant differences in 
adhesive index between those subjects studied 
during the first month following infarction and 
those studied within the first year. The group 
with angina had adhesive indexes similar to 
those with myocardial infarction. However, 
the group of thirteen patients with remote 
infarction had adhesive index values comparable 
to the normals. When the data were recalcu- 
lated excluding this group, the mean adhesive 
index for thirty-nine subjects with recent in- 
farction and angina was 1.14. The difference 
between the means of the controls and of this 
selected group was highly significant statisti- 
cally. This would suggest that the adhesive 
tendency may be a temporary phenomenon, 
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not seen in the stabilized patient with arterio- 
sclerotic heart disease but rather representing a 
more active process. 

Effect of Acute Fat Loading on the Adhesive 
Index and Serum Lipids in Normal Individuals and 
Patients with Coronary Atherosclerosis: A fat 
breakfast, containing 75 gm. of mixed animal 
fats (butter, eggs, 40 per cent cream, bacon) 
was fed to twenty-five normal subjects and to an 
equal number of subjects with atherosclerosis. 
Blood was obtained in the fasting state, 2, 4 
and 6 hours after the meal (Table vu). No 
significant differences were observed in the 
erythrocyte or platelet counts between or 
within the groups. The adhesive index was 
significantly higher in the abnormal group in the 
fasting state and showed a further increase 
following ingestion of fat, while the controls 
showed no change. None of the normals had 
an adhesive index greater than 1.19 in the fast- 


] 


464 Horlick 


TABLE VIII 
Effect of Anticoagulants on the Adhesive Index 


No. of 
Response | 

Positive (rise in A.I.) | 13 
Treated with Danilone | 
Treated with Sintrom 4 

Negative (no change or fall in 

A.I.) 11 
Treated with Danilone 8 
Treated with Sintrom 3 

Suitable for analysis 24 

Total number of cases 29 


ing state, whereas six of the abnormal group 
exceeded this value. After the fat meal, 
an additional eleven subjects in the abnormal 
group exceeded 1.19 (the six subjects with 
high fasting adhesive indexes showed very little 
additional change following the high fat meal); 
of the eleven subjects whose adhesive indexes 
rose following the -fat meal, nine showed a 
substantial rise (greater than 0.10) and two a 
slight rise only. At one time or another during 
the test seventeen of twenty-five (sixty-eight 
per cent) of the abnormal group exceeded 1.19, 
whereas none of the normals did so. 

Significant differences between the two 
groups were also seen in the fasting levels of the 
serum triglycerides and cholesterol (Table 
vu). Following the high fat meal, triglycerides 
rose in both groups and the difference between 
the groups was obscured until the six-hour 
period when it again became significant. No 
correlation was noted between individual levels 
for triglycerides and the adhesive index. 
Whether or not a rise in adhesive index occurred 
following the high fat meal did not depend on 
serum triglycerides. 

Serum cholesterol levels were significantly 
higher in the coronary group than in the 
controls. Fifty-six per cent of the coronary 
group had cholesterol levels of 300 mg. per cent 
or more as compared with 16 per cent in the 
control group. As with the serum triglycer- 
ides, there was no correlation between the 
adhesive index values and the cholesterol. 

‘The data indicate a striking sensitivity of the 
adhesive index to the ingestion of fat in indi- 
viduals with clinical coronary disease but not in 
normals. In nine of twenty-five, thirty-six 
per cent of the coronary group, a substantial 
rise in the adhesive index occurred following 
the fat meal. This could not be correlated 
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Fic. 1. Case 1. Previous administration of Danilone 
was followed by a sustained rise in adhesive index. In 
this and subsequent figures the graphs from above down- 
ward are: -red blood cells in millions, platelet count in 
thousands, adhesive index in units, patient’s prothrombin 
time and control prothrombin time in seconds. 


with the measured levels of serum cholesterol 
or triglycerides or with changes in these factors 
after the test meal. 

Effect of Anticoagulants on the Adhesive Index in 
Patients with Coronary Atherosclerosis and Coronary 
Insufficiency (Acute and Chronic): Twenty-nine 
subjects with coronary arteriosclerosis were 
were studied (Table v1). The adhesive index 
was obtained at least once and preferably on 
several days before starting anticoagulants. 
It was followed daily thereafter until it stabilized 
or treatment was discontinued. Daily pro- 
thrombin times (one stage) were also included 
for these patients. Anticoagulants were pre- 
scribed by the house staff and attending 
physicians in the usually recommended doses. 
Five cases were excluded from the study. 
One patient received initial treatment with 
heparin, another received concurrently large 
doses of salicylates and a third had only re- 
cently discontinued anticoagulants. In a fourth 
patient a cerebral thrombosis occurred on the 
second day of treatment and was probably 
responsible for the marked rise in the adhesive 
index. ‘The fifth patient was excluded because 
of inadequate data for the first two days of 
treatment. 
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Fic. 2. Case 2. Two previous episodes of myocardial 
infarction. Danilone therapy resulted in an immediate 
rise in adhesive index. On the third day of treatment, 
he was inadvertently given twice the prescribed dose. 
Vitamin K, 15 mg. was given intravenously as an anti- 
dote. Prothrombin time dropped rapidly to control 
levels, but adhesive index remained elevated for the 
next 5 days. Stepwise termination of Danilone treat- 
ment was associated with a transient rise in adhesive 
index. 


A rise of 0.20 in the adhesive index, or a 
sustained rise of greater than 0.10 on several 
days, was taken as significant. Thirteen of 
twenty-four showed such a rise. In ten the 
adhesive index rose at least 0.20 unit and in 
three a sustained rise greater than 0.10 was 
noted (nine were receiving Danilone® and four, 
Sintrom®). Eleven of twenty-four showed no 
rise, and occasionally a fall, on anticoagulants 
(eight were receiving Danilone and _ three, 
Sintrom). 

In general, the rise in adhesive index occurred 
during the first 72 hours of anticoagulant therapy 
when prothrombin times were not yet in the 
therapeutic range (less than 25 seconds). With 
the rise in prothrombin time to therapeutic 
levels, the adhesive index fell in almost all 
Cases. 

The pattern of response can best be illus- 
trated with specimen cases: 


Case 1. R. E., a male, age 37 (Fig. 1), with a 
3 year history of angina, and acute myocardial 
infarction 1 year prior to admission. He was ad- 
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Fic. 3. Case 3. Healthy normal was given 50 mg. 


Dicumarol daily for 1 week and then 100 mg. daily for 
the second week with no significant change in prothom- 
bin time and a slight rise only in adhesive index. In- 
crease in Dicumarol dosage to 200 mg. daily led to a 
rise in prothrombin time and a fall in the adhesive 
index. 


mitted for institution of long term anticoagulant 
treatment. Administration of the usual dosage of 
Danilone was followed by an immediate rise in 
adhesive index, and despite the attainment of 
adequate prothrombin times the adhesive index 
never quite returned to base line. After discharge the 
patient discontinued Danilone. He had three severe 
anginal attacks and returned to the hospital. Treat- 
ment with Danilone was again followed by a rise in 
adhesive index. 


Case 2. A. F. W., a male, age 55 (Fig. 2), had 
sustained two episodes of myocardial infarction, 
the first in 1951 and the second in 1958, 1 year prior 
to admission. The last episode was followed by 
angina and persistent auricular flutter. Anti- 
coagulant therapy with Danilone was undertaken 
as a prelude to attempting conversion of the flutter 
to sinus rhythm. An immediate rise in adhesive 
index followed the institution of Danilone therapy. 
On the third day of treatment he was inadvertently 
given 400 mg. of Danilone (double the prescribed 
dose). The physician on duty became alarmed and 
gave him 15 mg. vitamin K, intravenously. His 
prothrombin time dropped rapidly to control 
levels, but his adhesive index remained elevated 
for the next 5 days. After several days of treatment 
with large doses of Danilone, his prothrombin time 
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Fic. 4. Case 4. Previous myocardial infarction and 
angina of effort. Treatment with 100 mg. Dicumarol 
daily resulted in a sharp initial rise in adhesive 
index with only minimal changes in the prothrombin 
time. 


again rose and coincidentally the adhesive index 
fell to normal levels. Stepwise termination of Dani- 
lone treatment was associated with a transient rise 
in adhesive index. 


Because thirteen of twenty-four (54 per cent) 
of our subjects showed an initial rise in adhesive 
index following institution of anticoagulant 
therapy, it was suspected that this might be due 
to inadequate dosage or delay in achieving 
adequate therapeutic prothrombin time levels 
or both. Accordingly, eleven subjects (two 
normals and nine with coronary disease) were 
deliberately treated with small doses of Di- 
cumarol® (100 mg. per day) for several days. 


Case 3. L. H., a male, age 37 (Fig. 3), was a 
healthy contro]. He took Dicumarol 50 mg. daily, 
for 6 days with no change in either his prothrombin 
time or adhesive index. The dose was then increased 
to 100 mg. daily. There was no change in pro- 
thrombin time but a slight rise in adhesive index. 
A further increase in dosage to 200 mg. daily re- 
sulted in a slight rise in prothrombin time and a fall 
in adhesive index. 


Case 4. H. P., a male, age 59 (Fig. 4), had a 
myocardial infarction 3 years prior to admission and 
angina of effort since. Treatment with 100 mg. 
Dicumarol daily resulted in a sharp initial rise in 
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Fic. 5. Case 5. Acute myocardial infarction. Initial 
adhesive index was low. On March 9 at 11:00 P.M., 
patient received 200 mg. Dicumarol. At 6:00 a.m. the 
next morning, he was found to have suffered a cerebral 
thrombosis. The adhesive index rose to very high values 
during this episode and then fell steadily as prothrombin 
times rose. The initial platelet count was low and 
showed a steady rise. 


adhesive index with only minimal changes in the 
prothrombin time. 


Five of nine subjects with ischemic heart 
disease showed a rise in adhesive index upon 
treatment with small doses of Dicumarol. 
Since only two normal subjects were studied, 
we cannot say whether the rise in adhesive 
index following small doses of Dicumarol is 
specific only for patients with ischemic heart 
disease. Nor can we say that it is specifically a 
dose-related response since only a little over 
50 per cent of subjects tested at both low and 
high dosage levels gave a positive response. It 
is probably a qualitative response indicating a 
temporary hypercoagulable phase which may 
occur in an unknown number (presumably more 
than half) of patients undergoing treatment 
with anticoagulants. 

Adhesive Index and Thrombotic Processes: _Mool- 
ten and Vroman” in their original work on the 
adhesive index claimed that it was a sensitive 
indicator of thrombotic processes in the body. 
This was confirmed by Bobek and Cepelak’s” 
study of acute thrombophlebitis. From ob- 
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Fic. 6. Case 6. Recent cerebral thrombosis. Adhesive 
index was very high and fell spontaneously without treat- 
ment. Subsequent treatment with Danilone resulted 
in a transient rise in adhesive index. 


servations on several cases we can add confirma- 
tory data. 


Case 5. C. B., a male, age 68 (Fig. 5), had sus- 
tained a mild myocardial infarction 3 days prior to 
admission. His initial adhesive index was low. 
On March 9 at 11:00 p.m. he received 200 mg. of 
Dicumarol. At 6:00 a.m. the next morning he was 
found to have suffered a cerebral thrombosis. His 
adhesive index rose to very high values during this 
episode, and on the next day fell steadily as the 
prothrombin time values rose. The platelet count 
was low at the beginning and showed a steady rise. 
This probably represents the initial removal of 
large numbers of sticky platelets and then subsequent 
replacement by more normal platelets. 


Case 6. C. S., a female, age 66 (Fig. 6), was 
admitted with a history very suggestive of recent 
cerebral thrombosis. Her initial adhesive index 
was very high (greater than 1.70) and fell spontane- 
ously without treatment. She was subsequently 
given Danilone and showed a transient rise in ad- 
hesive index. 


COMMENTS 


The results recorded here suggest that per- 
sons with ischemic heart disease have a higher 
adhesive index than do normals and also a 
greater day to day variability of their index 
values. They are also more sensitive to the 
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effects of a high fat meal in that the adhesive 
index tends to rise following it, whereas it 
remains unaltered in normals. 

Increased Clotting Mechanisms in Ischemic Heart 
Disease: Since the adhesive index appears to be 
intimately related to changes in platelet environ- 
ment,” a rise in adhesive index may be taken to 
mean an increased tendency toward clotting. 
(See Materials and Methods.) An increased 
tendency toward clotting in ischemic heart 
disease has been proposed by several workers. 
As early as 1946, Meyers and Poindexter 
demonstrated a shortening of the dilute pro- 
thrombin time in patients with myocardial 
infarction. This was confirmed by others.?*.6 
Also in 1946, Ogura? demonstrated accelerated 
clotting after myocardial infarction, using the 
heparin-retarded clotting time. It is of interest 
that he found accelerated clotting most marked 
between the second and seventeenth days after 
onset of infarction and concluded that acceler- 
ated coagulation followed the attack rather than 
preceded it. Using the heparin-retarded clot- 
ting time technic, Rosenthal and Weaver* 
demonstrated accelerated coagulability in 74 
per cent of patients with acute myocardial in- 
farction but not in patients with chronic ar- 
teriosclerotic heart disease. 

Gormsen’ carefully standardized the heparin- 
retarded clotting time test and reported short- 
ened clotting times in patients with angina 
pectoris and also following acute myocardial 
infarction. Holger-Madsen* extended and veri- 
fied these observations using Gormsen’s technic, 
as well as a very sensitive heparin-thrombin 
test of his own design. In 1957 Poller” 
reported that in a group of patients suffering 
from recent thromboembolic disorders there 
was a significant increase in plasma factor vii 
activity. He postulated that the increased 
factor vii activity might be a causative factor 
in the production of thrombosis, neutralizing 
the natural anticoagulant heparin and upsetting 
the balance of coagulation.** This role is 
suggested by the experimental work of Wessler,”® 
who produced rapid thrombosis in animals by 
infusion of serum rich in factor vu activity. 

An alternative explanation might be that the 
increased factor vu activity (or decreased hepa- 
rin resistance and all the indexes it affects) is the 
result of a release of tissue factors from ischemic, 
tissue or of serum factors from the thrombus. 
It is well known that several enzymes are 
released into the circulation by injured tissue.*° 
Serum glutamic oxalacetic transaminase 
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(SGOT), serum aldolase and serum oxidase 
are a few of the enzymes released by in- 
farcted myocardium within '/, hour to 1 hour 
of damage. ‘The possibility that other throm- 
boplastic materials might be released cannot be 
overlooked. This correlates with the observa- 
tions”:*! 32 of increased platelet stickiness follow- 
ing trauma, surgery or childbirth and the in- 
creased incidence of thromboembolism at these 
times. 

The possibility that active ischemic heart 
disease may result in the intermittent release 
of thrombogenic material may explain the 
intermittent variations in the adhesive index 
observed by McDonald and Edgill'® and by 
ourselves. It may also serve to explain the 
increased sensitivity of the clotting mechanism 
to fat meals on the basis of a diminished reserve 
of the natural anticoagulant, heparin. It is 
more consistent with the fact that coronary 
thrombosis is a relatively late event in myo- 
cardial ischemia or infarction. Thus, Spain 
and Bradess** found coronary thrombi in only 
sixteen per cent of 303 cases of myocardial 
infarction surviving less than 1 hour, in 37 
per cent of sixty-five cases surviving 1 to 24 
hours and in 54 per cent of 200 cases surviving 
24 hours. They stated that “coronary thrombi 
may perhaps play only a secondary role in the 
precipitation of acute myocardial ischemic 
episodes.” 

Transient Increased Coagulability Following Ad- 
ministration of Anticoagulants: What of the 
increased adhesive index or coagulability ob- 
served temporarily in 50 per cent of our pa- 
tients treated with Danilone or Sintrom and 
Dicumarol? A _ study of the literature has 
yielded little. supportive evidence for this 
finding, perhaps because few observations have 
been made during the first 24 to 72 hours of 
anticoagulant treatment. 

Spooner and Meyer** and Wright®® have 
reported that platelet adhesiveness falls follow- 
ing Dicumarol therapy. The first two workers™ 
studied thirty-three patients and made their 
first observations on the fourth day of treatment 
and again on the seventh and tenth days. 
They observed no change in adhesiveness on 
the fourth day despite a minor prolongation of 
the prothrombin time (14 seconds, control 
11.5 seconds). There was a fall in adhesive- 
ness on the seventh day when the prothrombin 
time was 20.5 seconds. Wright*® studied rab- 
bits and made her first observations on the 
seventh day of treatment. She concluded that 


changes in platelet stickiness ran parallel to the 
prothrombin time. Failure to study the changes 
occurring in the first 72 hours of treatment 
might explain the difference between our 
results and those just cited. 

In thirty-two unselected ward patients, Lewi- 
tus®® studied the effects of 100 mg. Dicumarol 
daily on the prothrombin time (one stage 
Quick) and coagulation time (modified method 
of Halse). In 98 per cent of the patients 
the shortest coagulation time was seen with 
a prothrombin activity of 50 per cent, the time 
often being shorter in this range than in the 
100 per cent prothrombin activity range. It is 
of interest that four of thirty-two patients with 
prothrombin levels of about 50 per cent and a 
shortened coagulation time developed thrombo- 
phlebitis. Poller,* in a study of forty-three 
patients treated with Dicumarol, observed 
accelerated clotting in eleven instances when 
the prothrombin time was less than 30 per cent. 

Gormsen’ reported that in patients treated 
with Danilone the heparin-retarded clotting 
time was often lengthened after 3 to 5 days to 
between 15 and 25 minutes (normal 10 to 
15 minutes), but in most debilitated patients 
clotting time was not prolonged until treatment 
had been given for 1 to 3 weeks. This per- 
sistently shortened heparin-retarded clotting 
time was observed despite prothrombin times 
(P-P times of Owren) in the therapeutic range. 
Similarly, Holger-Madsen* noted maximum 
shortening of the heparin-thrombin time on the 
fourth to tenth day after the onset of myocardial 
infarction despite prothrombin times within 
the therapeutic range. 

Two possible explanations are: (1) The rise in 
adhesive index (or the shortened clotting time) 
represents changes due to release of thrombo- 
plastic materials following infarction. This 
could explain the changes following acute 
infarction, but it was probably not true in our 
series in which a rise in adhesive index was seen 
in subjects with chronic coronary insufficiency 
(not acute infarction) given anticoagulants on 
an elective (prophylactic) basis. They gener- 
ally had low indexes prior to treatment. (2) 
The rise in adhesive index is a temporary 
result of a disturbance in the body’s clotting 
system produced by the anticoagulant. 

At the present time we have no explanation 
for this phenomenon. It does not appear to 
be dose-related, but rather some sort of quali- 
tative effect. Because of its transient nature in 
most subjects, it is probably not of much 
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clinical significance. Whether it persists with 
very low dosage levels of anticoagulants over 
long periods of time is another intriguing 
question to which no answer can be given at 
present. 


SUMMARY AND CONCLUSIONS 


1. The adhesive index, as described by 
Moolten and Vroman, was determined in fifty- 
three normal subjects and fifty-two patients 
with clinical manifestations of arteriosclerosis 
of the coronary or peripheral vessels or both. 

2. The mean value for the adhesive index 
in the normal group was 1.06+0.08, and for the 
arteriosclerotic group 1.11+0.13. In the latter 
group no significant differences in adhesive 
index were found between those who had sus- 
tained a myocardial infarction within the 
past 12 months and those with angina pectoris. 
Subjects with old infarction (more than 1 year) 
had an adhesive index value of 1.05. In the 
thirty-nine patients with angina pectoris and 
recent myocardial infarction, the adhesive 
index was 1.14. This value was significantly 
higher than that for the control (p > 0.001). 

3. Serial determinations of the adhesive 
index in the control group revealed a relatively 
narrow range of values for any individual sub- 
ject. Patients with coronary disease showed a 
more marked day to day variation. 

4. A high fat breakfast (75 gm. animal fat) 
was administered to twenty-five healthy sub- 
jects and twenty-five patients with coronary 
disease who were not receiving anticoagulants. 
None of the control subjects showed a significant 
rise in adhesive index despite substantial in- 
creases in the serum triglyceride levels. Six 
patients had initially high values for the 
adhesive index, and a further eleven had a 
significant rise following the test meal. Whether 
or not the adhesive index rose did not appear to 
be related to triglyceride or cholesterol levels. 

5. Twenty-nine subjects with coronary dis- 
ease were treated with oral anticoagulants in 
the usually recommended dosage. Twenty- 
four cases were suitable for analysis. Thirteen 
patients showed a rise in adhesive index during 
the first 72 hours of anticoagulant treatment. 
Nine more subjects with coronary disease were 
deliberately treated with a relatively small 
dose of Dicumarol (100 mg. daily). Five of 
these showed a significant rise in the adhesive 
index in the first 72 hours of treatment. 

6. The adhesive index is a sensitive indicator 
of thrombosis zn vivo. 
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Determination of Prothrombin Concentration 


as an Index of Anticoagulant Control’ 


JoHn C. Owens, M.D., CHARLES A. ARMBRUST, JR., M.D., F.A.Cc.c., WILLIAM C. SUTTON, M.D., 
R. Livesay, M.D. and EpHramm L. WAGNER, M.D. 


Houston, Texas 


N SPITE OF the intensive efforts of many hema- 
I tologists, the precise sequence of events 
producing coagulation of blood remains ob- 
scure. The application of results of in vitro 
studies to an understanding of coagulation 
in vivo has proved a troublesome and perilous 
transition to the clinician in his attempt to 
devise effective means for the prevention of 
intravascular thrombosis and embolism with- 
out at the same time invoking the hazard of 
hemorrhage. The increasing use of coumarin- 
type anticoagulants for long periods in both 
hospitalized and ambulatory patients has 
brought into focus the deficiencies in the 
present methods used to determine appropriate 
therapeutic administration of these drugs. 
The one-stage prothrombin test of Quick has 
been the method of choice for years, in spite 
of the realization of its shortcomings.’~" 
Several authors have reported the value of 
determining prothrombin concentration during 
anticoagulant 92 Tt is the 
purpose of this paper to present further ob- 
servations on the value of prothrombin concen- 
tration determinations during anticoagulant 
therapy with warfarin (Coumadin®) sodium. 


METHODs 


Two groups of fifty and 280 patients, respectively, 
were studied. During an 18 month period, 2,500 
blood samples were collected for the simultaneous 
determination of the one-stage prothrombin time by 
the method of Quick™.“ and the prothrombin con- 
centration by the Biggs modification of the Owren- 
Aas method.*15,.6 Simultaneous determination of 
proconvertin (factor VII) concentration by the 
method of Owren and Aas* was performed in twelve 
of the patients in group 1 and in five of the patients 
in group 2. The laboratory determinations were 


performed the same morning that the blood samples 
were drawn. All of the laboratory determinations 
of the concentration of prothrombin and procon- 
vertin were performed by the same technician. 
‘Quality control’? was utilized in the prothrombin 
determination. * 

Group 1: Fifty patients who had not previously 
received anticoagulants and who had no overt evi- 
dence of a coagulation defect were given warfarin 
sodium and daily prothrombin time and prothrombin 
concentration determinations were obtained. Five 
of the patients received the initial dose of warfarin 
sodium intravenously and all subsequent doses 
orally. The remaining forty-five patients received 
all doses of the drug orally. The initial dosage 
varied from 37.5 to 100 mg., depending on the size 
and the age of the patient. Appropriate adjustments 
in dosages were made in relation to the prothrombin 
concentration as well as to the prothrombin time. 
In those patients in whom the Quick time did not 
fall below 6 to 8 per cent activity, the prothrombin 
concentration was used exclusively as a dosage guide. 
In ten of the patients, the Quick time was completely 
ignored until the prothrombin concentration had 
fallen within therapeutic levels; namely, 10 to 24 
per cent of normal.'* The dosage of warfarin 
sodium was given each afternoon following receipt 
of the report on the blood sample drawn on the 
morning of the same day. Twenty-two patients 
received heparin in addition to the more slowly acting 
anticoagulant, warfarin sodium, until the prothrom- 
bin concentration had reached therapeutic levels. 

Group 1 included thirty-two patients with a diag- 
nosis of myocardial infarction, eight patients with 
thrombophlebitis, four patients with pulmonary 
emboli, four patients with cerebral thrombosis and 
two patients with rheumatic heart disease, atrial 
fibrillation and peripheral arterial emboli. 

Group 2: Two hundred and eighty patients on 
iong-term anticoagulant therapy were observed on 
an out-patient basis at intervals varying from 1 week 
to 1 month over a period of 18 months. A pro- 
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thrombin time and a prothrombin concentration 
were determined at the time of each visit. The 
patients in this group were chosen from the Out- 
Patient Clinic of Hermann Hospital and from the 
private practice of three of us. 


RESULTS 


Correlation of Simultaneous Prothrombin Times and 
Prothrombin Concentrations: Figure 1 is an analy- 
sis of 300 representative samples obtained from 
both groups of patients. This analysis affords 
evidence of the lack of identity between results 
of one-stage prothrombin time and determina- 
tions of prothrombin concentration. The more 
nearly linear relationship of the prothrombin 
time to the proconvertin (factor VII) concen- 
tration as measured in 100 blood samples can 
be seen in Figure 2. The values for the 
prothrombin time and the prothrombin con- 
centration in the patients in group 1 during the 
first 10 days of therapy are shown in Figures 
3A and 3B, respectively. The average daily 
values of these two determinations are illus- 
trated in Figure 3C. The prothrombin time 
can be noted to reach desired levels in the 
majority of the cases within the first 48 hours 
following the initiation of anticoagulant therapy. 


Analysis of the prothrombin concentration. and the one-stage pro- 


The prothrombin concentration, however, was 
reduced more gradually, and at the end of the 
first 48 hour period only one of the fifty patients 
studied could be considered to be within the 
desired range of prothrombin concentration 
(10 to 24 percent). In Figure 4 is a bar graph 
depicting the daily accessions to the therapeuti- 
cally effective range derived from fifty patients 
who received anticoagulant treatment with 
warfarin on the first day. The prothrombin 
had been reduced to less than 24 per cent of 
normal values in approximately half of the 
patients by the fifth day and in all of the 
patients by the tenth day. No significant 
difference was noted in the rate of reduction of 
prothrombin concentration in patients who 
received the initial dose of warfarin sodium 
intravenously or in twenty-two patients who 
received heparin plus warfarin orally during 
the first few days when compared with the 
group receiving only orally administered war- 
farin. 

The range of the prothrombin concentration 
in 280 patients (on long-term anticoagulant 
therapy) whose prothrombin time was between 
two and two and one-half times the control 
value is shown in Fig. 5. The prothrombin 
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concentration was greater than 24 per cent of 
normal in 9 per cent of the patients and less 
than 10 per cent of normal in 21.5 per cent of 
the patients. Thus, 30 per cent of these pa- 
tients would be considered ‘“‘out-of-control”’ 
by the prothrombin concentration determina- 
tion. The range of the prothrombin time in 
the same group of patients whose prothrombin 
concentration was between 10 per cent and 24 
per cent of normal is shown in Figure 6. The 
Quick time was less than twice the control 
value in 63 per cent of the cases and greater 
than two and a half times the control in 4 
per cent of the cases. 

There was no constant numerical relationship 
between the prothrombin time and the pro- 
thrombin concentration in either of the groups 
studied or even in the same subject on different 
clinic visits. The Quick time varied from 18 
per cent to 50 per cent during a period when the 
prothrombin concentration remained constant. 
The prothrombin concentration varied from 6 
per cent to 21 per cent of normal during a 
period when the prothrombin time remained 


constant. 
Relation between Hemorrhage and Prothrombin 
Concentration: 


The prothrombin concentration 
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(% of normal) 


Analysis of the proconvertin concentration (factor vir) and the one- 
stage prothrombin time in 100 blood samples. 


was deliberately allowed to fall below 10 per 
cent in a number of the patients under close 
observation in the hospital in an attempt to 
determine whether there might be any re- 
lationship between the level of prothrombin and 
the occurrence of hemorrhage. In the absence 
of a demonstrable lesion as a source of bleeding, 
hemorrhage occurred most frequently from the 
urinary tract. Although there was no constant 
relationship between the occurrence of hemor- 
rhage and the numerical value of the prothrom- 
bin concentration, this concentration was less 
than 10 per cent in all of the cases in which 
hemorrhage occurred. There were several 
exceptions, namely those cases which had a 
demonstrable pathologic lesion as the site of 
bleeding and two instances in which the bleed- 
ing was due to excessive doses of heparin sodium. 
One patient had four teeth extracted at a time 
when the prothrombin concentration was only 
5 per cent of normal and the prothrombin time 
was 35 seconds (control 13 seconds). The pro- 
thrombin time the following day was prolonged 
to 43 seconds and the prothrombin concentra- 
tion was 9 per cent of normal, there was, 
however, no apparent abnormal bleeding. 

In this series an asymptomatic adenocar- 
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cinoma of the rectosigmoid was responsible 
for gastrointestinal hemorrhage in one patient 
whose prothrombin concentration was approxi- 
mately 20 per cent, with a prothrombin time 
of 25 seconds (control 13 seconds). In this 
admittedly selective series, wherein only those 
cases with simultaneous determinations of 


prothrombin time and prothrombin concen- 
tration were included, definite evidence of 
thromboembolism was observed in only one 
case. This patient experienced pulmonary em- 
bolism while receiving anticoagulant therapy 
instituted after an acute myocardial infarction. 
The prothrombin time immediately after oc- 
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currence of embolism was 30 seconds (14 per 
cent) and the prothrombin concentration was 
46 per cent. 

We had opportunity to study the findings at 
necropsy on one patient with pulmonary hyper- 
tension secondary to multiple small pulmonary 
emboli. At the time of death, the prothrombin 
time had been prolonged to 197 seconds (con- 
trol 13 seconds) and the prothrombin concen- 
tration was 11 per cent. There was no evi- 
dence of hemorrhage. 

The observation was made that the daily 
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maintenance dosage for warfarin sodium paral- 
leled the rapidity of reduction of prothrombin 
concentration during initiation of anticoagulant 
therapy; i.e., those patients who exhibited a 
fairly rapid fall in the prothrombin concentra- 
tion in general required smaller daily mainte- 
nance doses of warfarin sodium. 


COMMENTS 


There are numerous references in the litera- 
ture to the “hypoprothrombinemia” which 
occurs within the first two days following the 
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initiation of anticoagulant therapy.'’—*? These 
observations have apparently been based on the 
false assumption that the early prolongation of 
the one-stage prothrombin time represented a 
reduction in the plasma concentration of pro- 
thrombin. The one-stage prothrombin time of 
‘ Quick has been shown to measure multiple 
clotting factors and may reflect a reduction in a 
single factor or in a combination of two or more 
of the factors which influence this test; namely, 
prothrombin,” factor VII,” factor 
and Stuart-Prower factor."—*® Although some 
of the other factors may influence the results 
of this test, the significance of their role is not 
clear at this time. 

The coumarin-type anticoagulants have been 
shown to cause a reduction in several of the 
clotting factors, including prothrombin, factor 
VII, factor X and Christmas factor." 
The most marked effect is seen initially in the 
reduction in factor VII. This apparently 
accounts for the early prolongation of the Quick 
time during anticoagulant therapy with the 
coumarin drugs. Plasma prothrombin level 
falls more slowly over a period of several days 


and is seemingly unrelated to the rate of reduc- 
tion of factor VII. The discrepancy in the 
rate of reduction of these two factors may be 
explained by a relatively rapid turnover rate of 
factor VII as compared to the other clotting 
factors involved. Frick** has calculated the 
half-life of factor VII to be from 7.2 to 10.8 
hours. Although data are not available at 
this time on the turnover of prothrombin, a 
longer half-life is suggested by the relatively 
slower reduction of prothrombin levels follow- 
ing initiation of anticoagulant therapy. A 
longer half-life of prothrombin would also 
explain those fairly wide daily fluctuations in 
the Quick time which were noted to occur 
without an accompanying change in the pro- 
thrombin concentration in patients receiving 
anticoagulants. Thus, the so-called “hypo- 
prothrombinemia”’ of the first few days of anti- 
coagulant therapy is in actuality hypopro- 
convertinemia and may occur initially in asso- 
ciation with a normal plasma concentration of 
prothrombin. The true clinical significance of 
this observation is subject for speculation, but 
it may afford an explanation of the lack of 
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correlation -between the one-stage prothrombin 
time and the episodes of hemorrhage and 
thromboembolism. 

Factor VII: .A brief review of current in- 
formation concerning the function of factor 
VII would seem essential to critical analysis of 
the data presented here. 

1. It would seem from the data generally 
available that the function of factor VII is 
principally confined to the conversion of pro- 
thrombin to thrombin in the presence of tissue 
thromboplastin. However, the blood from 
patients deficient in factor VII will clot nor- 
mally in the absence of tissue thromboplastin.” 
This suggests that factor VII may be concerned 
mainly with hemostasis and may not be essential 
to the intrinsic blood clotting system.!:**:*9.34.35 

2. Owren has shown that only a part of the 
proconvertin present in plasma is activated 
during the normal clotting process with a 
residual proconvertin activity from 70 to 90 
per cent of normal.* Although the quantity 
of proconvertin present influences the amount of 
convertin formed, apparently only a relatively 
small quantity of convertin is necessary to 
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“catalyze” the conversion of prothrombin 
initially. The conversion of prothrombin to 
thrombin, on the other hand, is a stoichiometric 
reaction and appears to be more intimately 
related to concentration of prothrombin than 
to the amount of proconvertin or convertin 
present. 

3. Ackroyd™ in reviewing the function of 
factor VII concluded that it is not essential in 
the coagulation of human blood when this 
occurs without the addition of tissue extracts. 

4. Analysis of the reported cases of deficiency 
of factor VII reveals that bleeding occurs most 
often into the skin, from the alimentary tract 
or nose and into the joints. Hemorrhage in 
patients receiving coumarin-type anticoagulants 
is usually from the genitourinary tract. 

5. In the majority of cases of symptomatic 
factor VII deficiency, the one-stage prothrom- 
bin time is considerably more prolonged than is 
ordinarily encountered in patients receiving 
coumarin drugs, even at the time of hemorrhage. 

Clinical Applications of Data: These observa- 
tions, together with the data reported herein, 
indicate, therefore, that the one-stage prothrom- 
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bin time of Quick is a more sensitive indicator 
of factor VII activity than of prothrombin. 
This is in agreement with previous reports.':*:'¢ 
In the light of this information it would seem 
that the most logical goal in anticoagulant 
therapy should be the reduction of prothrombin 
rather than the reduction of factor VII. If 
this is the case, it would be more important to 
the clinician to know the plasma concentration 
of prothrombin than the concentration of 
factor VII. 

In view of the delay in reduction of prothrom- 
bin after beginning anticoagulant therapy, it is 
logical that rapid-acting anticoagulants such 
as heparin should be continued until a thera- 
peutic level of hypoprothrombinemia has been 
achieved. This would prolong the usual dura- 
tion of heparin therapy to a time 5 to 7 days 
after beginning therapy with the coumarin 
drugs. 

In the group of patients on long term therapy 
whose prothrombin time was from two to two 
and a half times the control value, the pro- 
thrombin concentration was less than 10 per 
cent of normal values in 21.5 per cent. In the 
group of patients whose prothrombin concen- 
tration ranged from 10 to 24 per cent of normal, 
the Quick time was less than twice the control 
value in 63 per cent of the cases. These findings 
suggest that the usually accepted therapeutic 
range of prothrombin time (two to two and a 
half times the control value) is excessive in a 
large percentage of the cases. Many of these 
cases on long term treatment could have been 
given smaller doses of anticoagulant with ade- 
quate therapeutic control and with a decrease 
in the risk of hemorrhagic complications. 
Thus, the usually accepted limits for the pro- 
thrombin time must be subjected to recon- 
sideration in the patients on long term anti- 
coagulant therapy. 

A consistently positive correlation between 
the level of prothrombin and the occurrence of 
hemorrhage or thromboembolism was observed 
in this study. Although numerous prothrombin 
values of less than 10 per cent of normal were 
observed, the majority were recorded in pa- 
tients who exhibited no evidence of hemorrhage; 
however, no instance of hemorrhage was ob- 
served among patients whose prothrombin 
concentration was greater than 10 per cent of 
normal, except in the presence of a demon- 
strable lesion at the site of bleeding, and in two 
instances where bleeding was ascribed to ex- 
cessive doses of heparin. It would seem, 


therefore, that 10 per cent of normal prothrom- 
bin concentration is a safe lower limit for the 
therapeutic range. The upper level of the 
therapeutic range was 24 per cent as previously 
suggested by Sise et al.'' No evidence of 
thromboembolic phenomena was recognized in 
patients who had prothrombin levels lower 
than 24 per cent. 

The prothrombin concentration test as per- 
formed in cases included in this study is tech- 
nically more difficult and time-consuming than 
the one-stage prothrombin time. of Quick. 
In view of the frequently similar values of the 
two tests following the tenth day of therapy with 
warfarin sodium, it seems logical that periodic 
sampling of the prothrombin concentration 
should be adequate for proper care of patients 
who are on long term anticoagulant therapy 
and on whom periodic tests of prothrombin 
activity by the method of Quick are done. 


CONCLUSIONS AND SUMMARY 


1. In patients receiving warfarin. sodium, 
the prothrombin concentration does not fall to 
therapeutic levels (10 to 24 per cent) until 
5 to 7 days after initiation of therapy. The 
range of variation noted was from 2 to 10 days. 
The initial prolongation of the one-stage pro- 
thrombin time is apparently the result of a 
relatively early fall in the concentration of 
factor VII (proconvertin), as compared with 
other clotting factors which influence results of 
the test. 

2. In view of the fact that the action of 
factor VII is apparently primarily hemostatic 
in nature and not essential to intravascular 
clotting, it is logical to conclude that rapidly 
acting anticoagulants such as heparin should be 
administered over a longer period than pre- 
viously was supposed necessary, in order to 
allow an adequate time for the prothrombin 
concentration to fall to therapeutic levels. 
It would seem that the prothrombin concen- 
tration is a more accurate guide than pro- 
thrombin time for the calculation of dosage of 
the coumarin-type anticoagulants. 

3. Patients whose prothrombin has _ been 
excessively lowered by anticoagulants bleed 
most frequently from the urinary tract. Second 
and third in order of frequency as sites of bleed- 
ing are the gastrointestinal tract and the skin. 
Patients who bleed from any one of these areas 
and whose prothrombin concentration is greater 
than 10 per cent of normal should be examined 
carefully for an obscure lesion responsible for 
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the hemorrhage. In this series, an asympto- 
matic adenocarcinoma of the rectosigmoid was 
the site of bleeding in a patient whose prothrom- 
bin concentration was 20 per cent of normal. 

4. In those patients who have an otherwise 
normal! clotting mechanism, excessive prolonga- 
tion of the Quick time is not usually associated 
with hemorrhage during the early phase of 
anticoagulant therapy unless the prothrombin 
concentration concomitantly falls below 10 
per cent of normal. 

5. Approximately two-thirds of the patients 
on long term anticoagulant therapy had a 
therapeutic reduction of prothrombin concen- 
tration when the Quick prothrombin time was 
less than twice the control value. 
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HEN a muscle is contracted repeatedly 

while its blood flow is restricted, a local- 
ized deep pain is experienced.!_ When the load 
against which the muscle is working is great, 
the pain quickly becomes so marked that cessa- 
tion of the exercise is forced.? A light load 
results in less severe pain and the exercise can 
be continued for a longer period, but a localized 
muscular fatigue develops which brings the 
exercise to an end.* Painful syndromes may 
also occur in tissues with smooth muscles; 
thus, atherosclerotic narrowing of the superior 
mesenteric artery may be associated with 
“intestinal angina.” 

One of the obstacles in the study of pain and 
fatigue is the subjective character of these 
phenomena.® Since psychogenic factors modify 
the perception and evaluation of symptoms, 
many investigators have been dissuaded from the 
examination of these problems. However, re- 
producible data on the phenomena of pain and 
fatigue can be obtained under controlled condi- 
tions, as indicated herein. 

Zak' first suggested that the pain which 
follows exercise of a limb while a tourniquet 
obstructs its blood supply is similar to that of 
intermittent claudication. This intermittent 
claudication was early attributed to arterial 
spasm® since the pedal pulses in some patients 
disappear during exercise at approximately 
the time of development of pain. However, 
diminution of the peripheral pulses is a normal 
response to exercise which results from a rapid 
flow of blood through widely dilated arterioles, 
in the absence of pain.’—° In fact, Lewis 
et al.” found the inflow into a limb following the 
removal of a tourniquet to be greatly in excess 
of normal, even with the first beat following 
re-establishment of the blood flow. 


The rate of development of pain is propor- 
tional to the product of the load per stroke and 
the number of contractions.? Ischemia without 
exercise did not significantly shorten the period 
before onset of pain during the subsequent 
exercise test. Variations in the rate of contrac- 
tion have relatively little effect,? although 
McArdle and Verel* found that more work 
could be done before the onset of pain at rapid 
rates of contraction than at slow rates. 

Lewis? postulated that a substance (P) 
produced during the contraction of an ischemic 
muscle diffuses into the extracellular spaces 
where it stimulates pain fibers. ‘The possibility 
that the mechanisms that produce pain and 
fatigue are similar has also been suggested.’ 

We have re-examined some of the relation- 
ships between pain and fatigue production in 
ischemic muscle in man. 


GENERAL METHODS 


Thirteen clinically healthy men, twenty to forty 
years of age, were studied. ‘The subject lay in a 
supine position on a plinth. The arms were elevated 
on armrests at an angle of approximately 20 degrees 
to eliminate venous congestion. Blood flow to the 
forearm was arrested by sudden inflation of a 
sphygmomanometer cuff on the upper arm to a 
pressure higher than systolic, about 230 mm. Hg. 
The subject then performed gripping contractions of 
the hand at rates of ten, twenty, forty or eighty 
movements per minute, rhythm being maintained 
with the aid of a metronome. No additional work 
load was applied. 

The subjects were instructed to indicate the onset 
of pain in the arm. The pain increased steadily in 
intensity as the exercise was continued. However, 
localized fatigue usually caused the subject to stop 
the movements before severe pain developed. A 
single test on each arm was performed each day. - 
The experiment was repeated five times at each of 


* From the University of Buffalo Chronic Disease Research Institute, Buffalo, New York. This study was aided 
by a grant from the National Heart Institute of the United States Public Health Service. 
t Research Fellow from the University of Zurich, Switzerland. 
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TABLE I 
Relationship between Number of Contractions before Pain (P) and Fatigue (F) 
Contractions Per Minute 
widens | 10 | 20 | 40 | 80 
Per Per | Per Per 
P/t Cent P/E Cent P/F | Cent P/F | Cent 
1 53/68 78 61/87 70 53/72 74 64/77 83 
2 60/93 65 75/110 68 | 65/101 64 64/101 63 
3 27/64 42 48/108 45 58/129 45 65/120 54 
4 | 26/45 58 31/61 51 | 42/71 59 54/82 66 
|_ 
Average | 42/68 62 54/91 60 | 55/93 59 62/94 | 66 
} | 


the indicated speeds arranged in a random order, 
for a total of twenty tests in each subject. 

Three series of experiments were performed: 

Basal. ‘To establish baselines, the rate of develop- 
ment of pain and fatigue was examined in four sub- 
jects. 

Preliminary ischemia. ‘(he influence of preliminary 
arrest of blood flow for 5 or 9 minutes prior to the 
exercise period on the time of occurrence of pain 
and fatigue was studied in four subjects at gripping 
rates of ten and eighty per minute. 

Rate of recovery. The rate of recovery from pain 
and fatigue was studied in five subjects. Gripping 
movements were first performed under basal condi- 
tions until pain and fatigue developed. The cuff 
pressure was then dropped quickly to atmospheric 
levels to allow resumption of blood flow for 2, 8 or 
64 seconds. The blood flow was then again obstructed 
by raising the cuff pressure quickly to 230 mm. Hg. 
The exercise was repeated and the performance was 
compared to that of the immediately preceding basal 
period. 


RESULTS 


Basal Data: ‘The data of this group are 
given in Table 1. The number of contractions 
before onset of pain or fatigue are reported 
separately for the four frequencies used. At 
frequencies of eighty per minute, the number of 
contractions of all the subjects approached a 
common mean value (Table 1). No significant 
difference was observed between the number of 
contractions in the right or left arm. 

Table 1 demonstrates that the ratio of the 
number of contractions before pain or fatigue 
(P/F) was relatively constant for each subject 
and was independent of the frequency of con- 
traction. 

Preliminary Ischemia: ‘To reduce the oxygen 
available in the arm prior to the test exercise, 


blood flow to the arm was occluded by setting 
the cuff pressure at 230 mm. Hg. After the 
cuff had remained inflated for 5 or 9 minutes, 
the subject performed the gripping movements. 
The prolonged arrest of blood flow had no 
consistent effect on the number of contractions 
before onset of pain and fatigue in the succeeding 
exercise period (Table mu). The pain/fatigue 
ratio was‘ not significantly altered. 

The number of contractions was significantly 
greater at eighty than at ten per minute, perhaps 
because the much longer period of occlusion of 
blood flow at the latter rate contributed to the 
discomfort and caused the subject to call a halt 
to the test. 

Rate of Recovery: The number of contrac- 
tions which could be performed immediately 
after transitory re-establishment of the circula- 
tion increased consistently with the duration of 
the period of restitution of blood flow. The 
ratios of recovery for fatigue and for pain were 
essentially similar (Fig. 1). After the brief 
period of 2 seconds of restitution of blood flow, 
the subjects were able to contract the fist 
about 20 per cent of the basal values before the 
return of pain or fatigue. After 8 seconds of 
restored blood flow, the recovery was about 30 
per cent, and after 64 seconds of blood flow the 
recovery was about 65 per cent. 

The similarity in the rates of recovery from 
pain and fatigue during resumption of flow 
supports the thesis that the mechanisms of 
production of these two symptoms are related. 


COMMENTS 


Although pain is a subjective phenomenon, 
it can be studied objectively. Variations from 
subject to subject in the time before pain may be 
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TABLE II 
Number of Contractions* before Pain (P) and Fatigue (F), and the Ratio P/F* 


| Control | 5 Minutes 9 Minutes 
Subject Frequency | eee 
P/F | P F P/F P F | P/F 
5 10/min. 54 | 103 0.51 | 50 88 0.57 45 92 0.49 
6 23 63 0.37 | 16 49 0.33 20 43 0.46 
7 39 | 60 0.65 | 32 49 0.65 | 30 43 0.70 
8 22 | 30 0.73 23 37 0.62 24 43 ; 0.56 
5 80/min. 67 89 0.75 | 69 100 0.69 64 99 0.65 
6 35 | 80 0.44 | 36 73 0.49 30 67 0.45 
67 | 100 0.67 | 57 97 0.60 51 85 0.60 
8 64 88 0.73 | 48 76 0.63 37 64 0.58 
* Each number is the average of five trials. 
considered to represent subjective judgments of a PERCENT P =TO PAIN 
self-selected degree of pain. As with pain, OF F = TO FATIGUE 
fatigue has its subjective components but the CONTROL 
loss of strength. of contraction can be observed 807 PP 
and recorded. 
The consistency of the ratio of the number of FPP 
contractions before onset of pain and of fatigue 
for each subject suggests that these symptoms a F, 
may share similar mechanisms. Thus, the 60 Fb 
pain/fatigue ratio in a given subject was un- 
affected by the frequency of contraction or by a 
preliminary period of ischemia; furthermore, 
the rates of recovery of the two symptoms FP 
remained unchanged following transitory re- 407 
institution of blood flow. p a FE 
If the process producing pain were related to Pr 
the production of a substance P, this product of F pe 
ischemic metabolism must be related directly 20+ BFF F 
to the sum of the tension generated by the PP 
muscle during the period of arrested blood flow. 
The absence of pain during ischemia while 
the muscle is at rest suggests that the quantity 
of P factor produced during rest is minimal. ' ' 
After of blood flow the o+ 
MM: 2 seconds 8 64 


of contractions before pain is practically identi- 
cal with the number necessary if contractions 
are started at once (Table 1). Since the oxygen 
available in the arm is reduced during the 
preliminary ischemia, the process producing P 
would appear to be relatively uninfluenced by a 
reduction of available oxygen. An anaerobic 
process is thereby suggested for production of 
P factor. The quantity of P produced is 
probably related to the sum of the tension 
produced by the recurrently contracting is- 
chemic muscle. 

Nociceptor fibers probably do not enter 
muscle cells; P must therefore first diffuse from 
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INTERVAL BETWEEN 
IST AND 2ND EXERCISE 


Fic. 1. Effect of restoration of blood flow on recovery from 
‘‘latent pain.” The control number of gripping contrac- 
tions prior to onset of pain (P) and fatigue (F) in five 
trials at eighty per minute in each of four subjects was 
set at 100 percent. The cuff pressure was then dropped 
to atmospheric values for 2, 8 or 64 seconds, following 
which the cuff was reinflated and the exercise repeated. 
The number of contractions before pain (P) and fatigue 
(F) during the second exercise is shown as per cent of 
that subject’s control value. Recovery averages 20 per 
cent after 2 seconds of resumption of blood flow, about 
35 per cent after 8 seconds, and about 70 per cent after 
64 seconds. 
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the muscle to the interstitial spaces where, in 
sufficient concentrations, it may stimulate pain 
fibers.” 

The sensation of pain disappears immediately 
on restoration of blood flow. P factor would 
therefore appear to be eliminated from the 
capillaries and the immediately adjacent tissue 
spaces with the first flush of blood. However, 
a latent pain persists even after one minute of 
unrestricted flow, as shown by the early appear- 
ance of pain and fatigue during the immediately 
succeeding round of ischemia and exercise. 
Since the latency disappears very gradually, 
it may be concluded that P factor diffuses 
relatively slowly, perhaps because it is a relatively 
large molecule. Extrapolation suggests that 
recovery would be complete in about 10 min- 
utes. The reactive hyperemia following is- 
chemic exercise has a similar time course, 
suggesting a ‘similarity between pain and the 
vascular mechanism. 

The potential biologic significance of the P 
factor deserves comment. Forced continuation 
of muscular work after development of pain and 
fatigue associated with a presumptive accumu- 
lation of P factor may produce deleterious effects. 
Nociceptors in the interstitial tissues of the 
muscles apparently utilize pain and fatigue 
signals to warn the central nervous system of a 
rising local concentration of specific metabolic 
end products, thereby preventing the develop- 
ment of undesirably high concentrations of 
P factor. If urgency demands that the exercise 
be continued beyond the point of pain and 
fatigue, or if these sensations are obtunded, 
excessive concentrations of the P factor may 
then bring about local injury. 


SUMMARY 


The relationship between the development of 
pain and fatigue was studied in the rhythmically 
contracting ischemic muscles of the forearm of 
man. Localized pain develops after a relatively 
constant number of contractions in a given 
subject, followed by fatigue and an inability to 
continue the exercise. The ratio of the number 
of contractions prior to pain and to fatigue was 
essentially similar in each subject. The rate of 


contraction had little effect on these values, 
although rapid rates of contraction gave the 
more consistent results. Prolonged obstruction 
of blood flow to the arm prior to exercise had no 
consistent effect on the number of contractions 
or on the ratio. Recovery is only partial after 
resumption of blood flow for 2, 8 or 64 seconds 
since pain and fatigue reappear after fewer 
contractions than are required in the completely 
recovered state. Recovery is probably complete 
in about 10 minutes. 

The results support the concept of Lewis? 
that a P factor produced in contracting ischemic 
muscle diffuses to the extracellular space where 
it stimulates pain fibers. Fatigue appears to 
share the same mechanism. On resumption of 
blood flow, P factor is presumptively washed 
from the site; it may persist as “latent pain,” 
for up to about 10 minutes, becoming manifest 
as a decrease in the number of contractions 
which can be performed before pain during a 
subsequent ischemic period. 
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HE MECHANISM by which the QRS complex 
Tis altered by myocardial infarction is not 
completely understood. It is probable that 
loss of excitable tissue and an abnormal exci- 
tation sequence in uninvolved portions of the 
myocardium are the major factors but their 
separate roles have not been clearly defined. 

Abnormal Q waves as a manifestation of 
infarction are explicable on the basis of localized 
tissue loss in appropriate areas. It is likely, 
however, that tissue loss in certain areas results 
in different alterations of the QRS complex. 
Horan et al.’ reported alterations of the mid- 
temporal and terminal portions of the QRS by 
extensive subepicardial lesions. ‘Theoretic stud- 
ies? suggested that tissue loss in many locations 
might be expected to alter the QRS complex 
without producing “pathologic”? Q_ waves. 
Since considerable reliance is placed on such Q 
waves in current electrocardiographic inter- 
pretation, it is desirable that the effects of 
tissue loss be more precisely defined. 

Gross conduction disorders such as bundle 
branch block are well-known occurrences in 
myocardial infarction. It is possible that less 
marked alterations of the ventricular excitation 
sequence are even more common. Such altera- 
tions have been suggested*:* on the basis of 
clinical electrocardiographic findings. Direct 
demonstration of disordered intramural exci- 


tation in experimental infarction has been 
reported.® The electrocardiographic effects of 
these disorders may prove to be useful in the 
recognition of infarction, or in some instances 
may make the diagnosis more difficult by 
obscuring the effects of tissue loss. In either 
event, more detailed definition of the role of 
conduction disorders in the electrocardiographic 
effects of infarction is desirable. 

The purpose of this study was to examine 
alterations of the QRS complex produced by 
experimental myocardial lesions in dogs and 
to compare these with effects predicted on the 
basis of localized tissue loss. This comparison 
provided a basis for identifying those effects 
which were not the result of simple loss of 
excitable tissue but were likely to be the result 
of conduction disorders. Chemically produced 
lesions rather than actual infarcts were studied 
to eliminate the necessity for thoracotomy with 
its complex electrocardiographic effects. A 
system of electrode placement appropriate for 
the dog was employed to minimize those differ- 
ences in the canine and human electrocardio- 
gram that might result from the same electrode 
system applied to both. 


MATERIALS AND METHODS 


Mongrel dogs in the weight range of 9 to 13 kg. 
and anesthetized with pentobarbital, 30 mg./kg., 


* From the Department of Medicine, State University of New York, Upstate Medical Center, Syracuse, New York. 
This investigation was supported by Research Grant H-3241 from the National Heart Institute of the National Insti- 
tutes of Health, Public Health Service, and by a grant from the Heart Association of Onondaga County. 

+ Carried out during the tenure of a post-doctoral fellowship from the National Heart Institute, United States 


Public Health Service. 
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were used in these experiments. Tracheotomy and 
artificial respiration were performed to eliminate 
the possible electrocardiographic effects of changing 
lung volume during the experiments. Localized 
myocardial lesions were produced by the injection 
of 0.1 to 0.3 cc. of 40 per cent formalin solution 
with a 20 gauge needle introduced through the chest 
wall. A small amount of malachite green, hema- 
toxylin or India ink was mixed with the formalin to 
stain the lesion. Myocardial lesions were produced 
in twenty-three experiments. In eleven experi- 
ments the attempt to produce a lesion was unsuccess- 
ful. 

Electrocardiographic Lead System: Three electro- 
cardiographic leads were recorded simultaneously 
at a paper speed of 50 mm. per second using an 
orthogonal lead system designed for the dog.6 The 
approximate center of the heart was considered to be 
a point on the midsternal line two intercostal spaces 
above the level of the maximal cardiac impulse 
determined by palpation. Three electrodes were 
placed on the anterior chest, each being 6 cm. 
from the cardiac center and located in the form of an 
equilateral triangle with the base located caudad. 
A single electrode was placed on the back directly 
opposite ‘ithe point considered the cardiac center. 
Two electrodes were placed on each side of the 
chest a third the distance between anterior and 
posterior chest walls, with one 3 cm. cephalad and 
one 3 cm. caudad to a line drawn around the thorax 
and passing through the cardiac center. Other 
electrodes were placed on the left side of the neck and 
on the left leg. 

Each electrode on the anterior chest wall was in 
series with 100,000 ohms resistance and each of 
those on the lateral chest walls and the neck was in 
series with 33,000 ohms resistance. The horizontal 
(X) component of cardiac electrical activity was 
recorded between the two pairs of electrodes on the 
lateral chest wall with a 100,000 ohms resistance in 
parallel with the galvanometer. The vertical (Y) 
component was taken between the neck and left 
leg electrodes. Anteroposterior (Z) cardiac elec- 
trical activity was recorded between the three 
anterior wall electrodes and the single electrode 
located on the back. Upward deflections represented 
relative positivity of the left electrodes in lead X, 
the leg electrode in lead Y and the back electrode in 
lead Z. 

Records were obtained prior to insertion of the 
needle, with the needle in place, during or immedi- 
ately after the injection of formalin, and at 10 minute 
intervals after the injection for periods up to 3 hours. 
In all but one experiment the contour of the QRS 
complex was stable for at least 20 minutes prior to 
termination of the experiment. One animal died 
in cardiac standstill 20 minutes after the injection of 


formalin. 
Identification of Myocardial Lesions and Estimation of 
Tissue Less: After the experimental period the 


hearts were removed and formalin fixed. With the 
heart in the approximate anatomic position, sections 
were made at uniform 3 mm. intervals using a 
plastic chamber with rigid guides for the cutting 
blade. The gross stained lesions were identified, 
their locations noted, and photographs of sections 
containing lesions were obtained. Microscopic sec- 
tions of three lesions and surrounding cardiac muscle 
indicated that microscopic evidence of muscle 
damage was confined to the stained zone. 

The theoretic electrocardiographic effects of 
localized tissue loss were estimated for each of the 
lesions. ‘This estimate was based on the ventricular 
excitation sequence reported by Scher and Young’ 
and on previously reported theoretic studies? in 
which the effect of localized tissue loss on records 
derived from this sequence was determined. ‘The 
experimental control records showed a range of normal 
variability and the form of the QRS complex was 
never exactly the same as that derived from the 
reported excitation sequence. For these reasons it 
appeared that a qualitative estimate of the expected 
alterations due to tissue loss would be as informative 
as detailed derivation of these effects. Such a 
qualitative estimate of the probable effects. of tissue 
loss in the area of each of the lesions was made. 
These predicted effects were compared with the 
electrocardiographic findings which occurred with the 
experimental lesions, and those which could not be 
reasonably accounted for on the basis of tissue loss 
were noted. The QRS alterations which occurred 
later than those which could be accounted for on 
the basis of tissue loss were considered to be probable 
effects of conduction disorders. 


RESULTS 


ECG CHANGES IN ABSENCE OF 
MYOCARDIAL LESIONS 


There was no significant alteration of the QRS 
complex in six of eleven experiments in which 
no gross myocardial lesion was produced. In 
two experiments there was decreased amplitude 
of Q and R waves in the anteroposterior (Z) 
lead and in one experiment there was decreased 
amplitude of the R wave only in this lead. In 
one experiment slightly decreased amplitude of 
a Q wave in the vertical (Y) lead occurred, 
and there was decrease in the amplitude of the 
R wave in the horizontal (X) lead in the other 
experiment. The mechanism of these altera- 
tions is not certain, but it is likely they were 
secondary to intravascular formalin. Similar 
effects cannot be excluded in the experiments 
with lesions although it is probable that less 
formalin entered the vascular system when a 
gross myocardial lesion was produced. The 
possibility of electrocardiographic alterations 
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TABLE I 
Summary of Electrocardiographic Effects of Localized Myocardial Lesions * 


1. Transmural basal lesion resulted in larger Q waves 
in leads X and Y and smaller R waves in lead Y 
attributable to subendocardial and intramural 
tissue loss in lateral and inferior walls, respectively. 
Smaller S waves in lead Y are attributable to sub- 
epicardial basal tissue loss. 

2. Transmural apical lesion resulted in decreased am- 
plitude of R waves in leads X, Y and Z attributable 
to tissue loss in lateral, inferior and posterior walls, 
respectively. 

3. Intramural and subendocardial lesion in mid- 
portions{ of lateral and anterior walls and septum 
resulted in decreased amplitude of R waves in lead X 
and loss of “‘septal’’ Q wave in lead X, both at- 
tributable to tissue loss. 

4. Intramural lesion near the apex in lateral and pos- 
terior walls resulted in decreasing amplitude of R 
waves in leads X and Z attributable to tissue loss. 

5. Intramural apical lesion in anterior wall resulted in 
decreased amplitude of R waves in lead Z attribut- 
able to tissue loss. 

6. Intramural lesion in mid-portionst of posterior and 
inferior walls resulted in increased amplitude of Q 
waves in lead Z and decreased amplitude of R waves 
in lead Y attributable to tissue loss. 

7. Intramural lesion in mid-portionsf of lateral wall re- 
sulted in Q waves in lead X attributable to tissue loss. 

8. Transmural lesion in mid-portionsf of lateral, inferior 
and posterior walls resulted in deeper Q waves in lead 
X and decreased amplitude of R waves in leads Y 
and Z attributable to tissue loss in these areas. 

9. Transmural lesion in mid-portionf of right ventricle 
resulted in smaller Q waves in leads X and Z 
attributable to tissue loss. 

10. Subendocardial lateral wall lesion near the apex 
resulted in decreased amplitude of R waves in lead 
X attributable to tissue loss. Increased amplitude 
of S waves in lead Y and decreased amplitude of R 
waves in lead Z suggested disordered conduction. 

11. Subendocardial and intramural lesion in mid- 
portionsf of lateral and inferior walls resulted in de- 
creased amplitude of R waves in leads X and Y attrib- 
utable to tissue loss. Increased amplitude of late 
S waves in lead Y suggested disordered conduction. 

12. Intramural lesion in mid-portionst of anterior 
wall and interventricular septum resulted in de- 
creased amplitude of Q waves in lead Z and larger R 
waves in lead Y attributable to tissue loss. Decreased 
amplitude of R waves in lead Z suggested disordered 
conduction. 


13. Intramural lesion in lateral wall near the apex re- 
sulted in larger Q waves in lead X attributable to 
tissue loss.. Replacement of a late S wave by an 
R wave in lead X suggested disordered conduc- 
tion. 

14. Subendocardial lesion in mid-portions? of lateral 
and anterior walls and interventricular septum 
resulted in larger Q waves in lead X and increased 
amplitude of R waves in lead Z attributable to tissue 
loss. Increased amplitude of late portions of R 
waves in lead Z suggested disordered conduction. 

15. Subendocardial apical lesion in inferior and anterior 
walls resulted in decreased amplitude of R waves 
in lead Y and decreased amplitude of Q waves in 
lead Z attributable to tissue loss. Decreased ampli- 
tude of late R waves in lead Z suggested disordered 
conduction. 

16. Subendocardial and intramural lesion in mid- 
portions{ of lateral, inferior and anterior walls and 
interventricular septum resulted in decreased 
amplitude of R waves in leads X and Y and de- 
creased amplitude of Q waves in lead Z attributable 
to tissue loss. Decreased amplitude of late R 
waves in lead Z suggested disordered conduction. 

17. Intramural lesion in mid-portions{ of lateral and 
anterior walls and interventricular septum resulted 
in decreased amplitude of R waves in lead X and 
decreased amplitude of Q waves in lead Z attribu- 
table to tissue loss. Decreased amplitude of S 
waves in lead Y and loss of S waves in lead Z sug- 
gested disordered conduction. 

18. Subendocardial lesion in mid-portionsf of anterior 
wall and interventricular septum resulted in de- 
creased amplitude of Q waves in lead Z and in- 
creased amplitude of early portions of R waves in 
lead X attributable to tissue loss. Decreased ampli- 
tude of late R wave in lead Z suggested disordered 
conduction. 

19. Subendocardial and intramural lesion in mid- 
portions} of lateral and anterior walls and inter- 
ventricular septum resulted in increased amplitude 
of Q waves and smaller R waves in lead X and de- 
creased amplitude of Q waves in lead Z attributable 
to tissue loss. Decreased amplitude of late R 
wave in lead Z suggested disordered conduction. 

20. Subendocardial and intramural lesion in mid- 
portionst of lateral wall resulted in increased ampli- 
tude of Q waves in lead X attributable to tissue loss. 
Decreased amplitude of late S waves in lead Y sug- 
gested disordered conduction. 


* All lesions are left ventricular unless otherwise stated. 


+ The term “‘mid-portions”’ is used with reference to the apex to base axis of the heart. 


by factors other than the gross lesions compli- 
cates the correlation of lesion location and size 
with electrocardiographic findings, but it should 
be noted that similar complicating factors 
might also occur with other modes of lesion 
production. Even with actual myocardial in- 
farction, secondary factors such as_ shock 
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and altered autonomic tone may be responsible 
for some electrocardiographic changes. In 
the present series of experiments in which 
gross areas of myocardial destruction Were 
produced and in which QRS changes which 
could be reasonably attributed to tissue loss 
almost always occurred, it seems likely that 


488 Abildskov et al. 


CONTROL 30 MIN. 
xs 
z 
Fic. 1. Electrocardiograms recorded from an orthog- 


onal lead system applied to a dog. The control record 
was obtained with a 20 gauge needle inserted in the left 
ventricular wall, and the other records shown were ob- 
tained 30 and 60 minutes after the injection of 0.2 cc. 
of 40 per cent formalin solution. The resulting lesion in 
subendocardial and intramural portions of the lateral 
left ventricular wall is shown in the cardiac sections 
which were taken at the approximate levels indicated 
in the diagram over the sections. The major electro- 
cardiographic alterations occur in lead X and consist of a 
wide deep Q wave and decreased amplitude of the R 
wave. These alterations are attributable to tissue loss 
in the area of the lesion. 


the major alterations of the QRS complex were 
direct results of the lesions. 


ECG CHANGES PRODUCED BY MYOCARDIAL 
LESIONS 


The changes in the QRS complex which 
occurred in association with lesions were 
divided into those which could be attributed to 
tissue loss and those which could be accounted 
for on the basis of conduction disorders. Nine 
of the twenty-three lesions resulted in QRS 
changes which could be attributed wholly to 
tissue loss (Table 1, 1 to 9). Eleven lesions 
were associated with some QRS alterations 
which could be accounted for on the basis of 
tissue loss and, in addition, other effects on the 
QRS complex which could be reasonably 
attributed to a disordered ventricular excitation 
sequence in portions of the myocardium not 
involved by the lesions (Table 1, 10 to 20). 
Three lesions were not associated with definite 
changes in the QRS complex, and in three 
other experiments some of the QRS alterations 


could not be attributed to either tissue loss or 
conduction disorders. 

Effects of Localized Tissue Loss: ‘Twenty of the 
twenty-three lesions resulted in changes in the 
QRS complex which could be attributed to 
this factor. These included lesions confined 
to the subendocardial half of the myocardium. 
The specific alterations were dependent on the 
location and extent of individual lesions. 

Subendocardial and intramural lesions in the 
lateral wall resulted in the occurrence of Q waves 
or decreased amplitude of R waves in lead X. 
Seven lesions which did not extend to the 
epicardial surface of the heart were confined 
to the lateral wall and three others extended into 
this wall and resulted in the QRS alterations 
noted previously. Four of these lesions were 
restricted to the inner half of the myocardium. 
A subendocardial and intramural lesion in the 
lateral wall and the resulting electrocardio- 
graphic effects are shown in Figure 1. 

Four subendocardial and/or intramural lesions 
extending into the diaphragmatic wall of the left 
ventricle were associated with decreased am- 
plitude of the R waves or the development of 
Q waves in the Y lead. One of these lesions 
was confined to the subendocardial half of the 
ventricular wall and the other three were 
restricted to the inner two-thirds of the wall. 

Anterior wall lesions confined to the subendocardial 
and/or intramural portions resulted in decreased 
amplitude or loss of the Q wave in lead Z which 
normally reflected excitation directed anteriorly. 
Three lesions confined to and three lesions 
extending into this portion of the heart were 
produced. ‘Two of these lesions were confined 
to the inner half of the cardiac wall. 

Only one intramural lesion which extended 
into the posterior wall of the left ventricle was 
produced. ‘This lesion was confined to the mid- 
dle third of the ventricular thickness and resulted 
in increased amplitude of the normal Q wave 
in lead Z. . 

Only four lesions in this series were transmural. 
Three of these resulted in QRS complex changes 
which could be entirely attributed to tissue loss 
and one also resulted in evidence of disordered 
excitation. Two lesions involved the inferior 
and basal posterior walls of the left ventricle. 
These lesions were associated with alterations 
of the terminal portion of the QRS complex as 
would be expected on the basis of tissue loss 
in an area normally activated late in the process 
of ventricular excitation. Both lesions resulted 
in decreased amplitude of S waves in lead Y and 
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decreased amplitude of R waves in lead Z. 
These lesions also involved the lateral wall, and 
abnormal Q waves and decreased amplitude 
of R waves in lead X attributable to tissue loss 
in this location occurred. Interpretation of 
the significance of changes in the terminal 
portion of the QRS complex resulting from 
lesions in areas normally activated late in 
ventricular excitation presents a special problem. 
Such alterations would be expected on the basis 
of tissue loss alone; however, the identification 
of conduction disorders in this study was based 
on the occurrence of QRS alterations in later 
portions of the complex than could be accounted 
for by tissue loss. The only other basis for 
identification of conduction disorders was the 
occurrence of QRS changes whose direction 
could not be accounted for by tissue loss in the 
area of the lesion. The transmural lesions 
whose effects are being described resulted in 
alterations of the QRS complex which were 
appropriate for tissue loss; however, conduction 
disorders cannot be excluded as the basis of 
the alterations of the terminal portion of the 
QRS complex. 

One transmural lesion involving anterior and 
lateral left ventricular walls also extended 
into the interventricular septum. This lesion 
resulted in loss of the normal Q wave in lead X 
which could be attributed to tissue loss in the 
septum and decreased amplitude of the peak 
of the R wave in leads X and Z which could be 
attributed to tissue loss in lateral and posterior 
walls. ‘There were no definite alterations in the 
form or direction of the terminal portion of the 
QRS complex. Such alterations would not 
be expected on the basis of tissue loss in the 
areas named even with a transmural lesion. 

The other transmural lesion was located near 
the apex and involved lateral, inferior and 
anterior left ventricular walls. Tissue loss in 
these areas was reflected by decreased amplitude 
of the R wave in leads X and Y and by decreased 
amplitude of the normal Q wave in lead Z. 
There was also a definite decrease in the am- 
plitude of the R wave in lead Z with a change in 
configuration of its downstroke. This could not 
be accounted for on the basis of tissue loss since 
activation of the apical regions including the 
subepicardial portion is normally completed 
prior to the terminal portion of the QRS com- 
plex. The change described was, therefore, 
considered evidence of altered excitation in 
uninvolved portions of the myocardium. 

Three lesions were restricted to the free wall 
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Fic. 2. Control electrocardiogram obtained with a 20 
gauge needle in the interventricular septum and record 
obtained 7 minutes after injection of 0.2 cc. of 40 per 
cent formalin solution at that site. The twolower cardiac 
sections at the approximate level of the dotted lines in 
the diagram show a localized lesion confined to the inter- 
ventricular septum, while the upper cardiac section 
contains small linear streaks of the formalin-dye solution 
but does not show a confluent localized lesion. The 
electrocardiograms demonstrate loss of the septal Q 
wave which can be attributed to tissue loss and altera- 
tions of the terminal portion of the QRS complex which 
were interpreted as evidence of a conduction disorder. 


of the right ventricle. ‘Two of these did not result 
in recognizable alterations of the QRS complex 
and will be mentioned in a later section. One 
right ventricular lesion near the apex resulted 
in decreased amplitude of the normal Q wave in 
lead X, suggesting that in this instance normal 
activation of the right ventricular wall con- 
tributed to the occurrence of this wave. 

Eight lesions extended into and one was 
confined to the interventricular septum. Evalua- 
tion of the effects of tissue loss in this area was 
difficult, since in several instances the expected 
effects of the septal lesion tended to oppose the 
expected effects of the free wall lesion. For 
example, certain septal lesions might be expected 
to decrease the amplitude of the initial normal 
Q wave (“septal Q”’) in lead X, but if the lesion 
also involved the lateral cardiac wall an increase 
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Fic. 3. Electrocardiograms recorded before and after 
production of localized myocardial lesions in dogs. The 
control records were obtained with a needle inserted into 
the myocardium at the site where 0.2 cc. of 40 per cent 
formalin solution was later injected. A, decreased 
amplitude of the R wave in lead Y which was the result 
of an intramural lesion confined to the inferior cardiac 
wall and could be accounted for solely on the basis of 
localized tissue loss. B, deep wide Q waves in lead X 
which were the result of an intramural lesion of the 
lateral wall and can be accounted for on the basis of 
tissue loss. There is also an alteration of the terminal 
portion of the QRS complex with the S wave in the con- 
trol lead X being replaced by an R wave in the record 
60 minutes after formalin injection. This alteration 
was interpreted as evidence of a conduction disorder 
producing effects opposite in direction to those result- 
ing from tissue loss. C, decreased amplitude of the R 
waves in leads X and Y which resulted from tissue loss 
in the subendocardial and intramural portions of the 
lateral and inferior cardiac walls. There is also an in- 
creased amplitude of the S waves in lead Y which could 
not be attributed to tissue loss in the area named and 
was interpreted as evidence for a conduction disorder 
producing effects in the same direction as those of tissue 
loss. 


in amplitude of the Q wave could occur. In 
this study recognizable evidence of septal tissue 
loss occurred in four of the nine lesions. Loss 
of ‘‘septal Q waves’’ occurred in two experi- 
ments. ‘This effect of septal lesions in man has 
been reported by Burch.* One lesion of the 
left side of the septum resulted in increased 
amplitude of R waves in lead X, while one lesion 
of the inferior portion of the septum was 
associated with increased amplitude of the R 
wave in lead Y. ‘The lesion which was confined 
to the septum and _ its electrocardiographic 
effects are illustrated in Figure 2. This lesion 
resulted in loss of the ‘“‘septal Q wave’? which 
can be attributed to tissue loss and also gave 
evidence of disordered intraventricular con- 
duction. 


Conduction Disorders: In addition to QRS 


changes which could be attributed to localized 
tissue loss, eleven lesions resulted in alterations 
which could be accounted for on the basis of 
conduction disorders. These alterations could 
be divided into two categories based on direction 
of the alterations relative to the direction of 
changes produced by tissue loss. (1) Two 
lesions resulted in changes explicable on the 
basis of disordered conduction with the altera- 
tions being in the same direction as those re- 
sulting from tissue loss. Both lesions were 
located in the subendocardial and intramural 
portions of the lateral wall. One lesion was 
located near the apex and the other approx- 
imately mid-way between apex and_ base. 
(2) In nine experiments changes attributable 
to disordered conduction were opposite in 
direction to those which could be ascribed to 
tissue loss. These lesions were all subendo- 
cardial and/or intramural and were all anterior, 
lateral or anterolateral in location. All lesions 
except one included involvement of the inter- 
ventricular septum. This was in striking con- 
trast to those lesions which did not result in 
conduction disorders by the standards of this 
study. In that group only one of the nine 
lesions involved the interventricular septum. 
Conduction disorders resulting in effects in 
the same and in the opposite direction to 
those of tissue loss are illustrated in Figure 3. 

Effect of Needle Insertion into Myocardium: ‘The 
most striking evidence that significant alterations 
of the ventricular excitation sequence may oc- 
cur as a result of local lesions was the finding 
that the 20 gauge needle inserted into the 
myocardium sometimes grossly altered the form 
of the electrocardiogram. Such alterations oc- 
curred in five experiments in this study. In one 
of these the electrocardiogram was observed at 
intervals for 30 minutes with the needle in place 
and another 30 minutes after removal of the 
needle, and the new form of the record remained 
stable. No consistent pattern of changes was 
observed. Decreased amplitude of both Q and 
R waves in lead Z occurred in three experi- 
ments, increased amplitude of the Q wave in 
lead X occurred in two experiments, and de- 
creased amplitude of the R wave in lead X, de- 
creased amplitude of an S wave in lead X and 
loss of a small Q wave in lead Y each occurred 
in one experiment. 

Lesions Not Associated with QRS Alterations: 
Three lesions did not result in perceptible 
alterations of the QRS complex. Two of these 
were restricted to the right ventricular wall, one 


THE AMERICAN JOURNAL OF CARDIOLOGY 


CONTROL. MIN. 60 MIN. CONTROL 60 MIN. 
A B C 


ECG in Localized Myocardial Lesions 491 


being transmural and extending over a vertical 
distance of nearly 2 cm., and the other being a 
small intramural right ventricular lesion near 
the base. In one other experiment a small 
subepicardial lesion in the posterior wall of the 
left ventricle near the apex was not associated 
with changes of the QRS complex. 

QRS Alterations Which Could Not Be Attributed 
to Tissue Loss or Conduction Disorders: Such al- 
terations occurred in three experiments. In 
all of these the lesions were located in lateral 
and posterior left ventricular walls, two being 
near the apex and one near the base. All were 
associated with decreased amplitude of the nor- 
mal Q wave in lead X and one was associated 
with decreased amplitude of the normal Q wave 
inlead Z. ‘These changes were opposite in direc- 
tion to those expected on the basis of tissue loss. 
They also occurred early in the QRS complex so 
they could not. be attributed to conduction dis- 
orders by the standards employed in this study. 
In these experiments, changes in later portions 
of the QRS complex consisting of decreased 
amplitude of the peak deflections of the R waves 
in leads X and Z were compatible with the 
expected effects of tissue loss in the area of 
lesions. 


COMMENTS 


The usefulness of the electrocardiogram in the 
diagnosis of myocardial infarction is generally 
recognized, but it is well known that infarction 
may exist in absence of findings currently con- 
sidered indicative of that lesion. Better under- 
standing of the mechanism of electrocardio- 
graphic alterations in infarction may be a step 
toward improved recognition. For this pur- 
pose, experimental studies have certain ad- 
vantages over clinicopathologic investigations. 
Control records can be obtained shortly before 
production of lesions in all instances. Some 
control of the size and site of the lesion can be 
exercised and more detailed description of these 
characteristics than is common in routine 
autopsy examination can be carried out. 
Experimental studies in dogs have the further 
advantage that the most detailed information 
available concerning the ventricular excitation 
sequence applies to this animal. These data can 
be employed, as they were in the present study, 
to estimate the expected effects of localized 
tissue loss and differentiate these from the effects 
of other factors. In this study use of an elec- 
trode system designed for the dog and produc- 
tion of lesions without thoracotomy eliminated 
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two of the shortcomings of some previous experi- 
mental studies of myocardial lesions. 

The study furnished evidence that localized 
lesions in the dog’s heart usually alter the elec- 
trocardiogram in a manner consistent with that 
predicted on the basis of tissue loss applied to 
the ventricular excitation sequence reported by 
Scher and Young.’ This included lesions re- 
stricted to the subendocardial half of the myo- 
cardium whose mode of excitation and in- 
fluence on the’ form of the electrocardiogram 
have been disputed.® In some instances “‘patho- 
logic’? Q waves which would be recognizable as 
the result of a localized lesion by current stand- 
ards of electrocardiographic interpretation re- 
sulted from such lesions. 

The study also furnished evidence that altered 
ventricular excitation in uninvolved portions 
of the myocardium is a significant factor in the 
QRS alterations associated with localized 
myocardial lesions. Such alterations were iden- 
tified by the standards employed in this study 
as occurring with more than half of the lesions 
produced. There was a striking correlation 
of these alterations with location of the lesion 
in the interventricular septum. 


The majority of the QRS alterations attrib- 
uted to conduction disorders were opposite in 
direction to those which occurred on the basis of 
tissue loss, but in two instances these factors 
resulted in changes in the same direction. The 
exact mechanism involved in the conduction dis- 
orders is not certain. Grant and Murray‘ re- 
ported evidence for conduction disorders in 
association with myocardial infarction which re- 
sulted in QRS alterations opposite in direction 
to those of tissue loss. ‘They suggested that two 
major divisions of the left bundle branch might 
account for these findings and postulated that 
when one division was interrupted by a lesion, 
the surrounding area which was normally 
activated from that division become excited 
via a myocardial route from the other division. 
This mechanism need not be restricted to two 
divisions of the bundle branch and is a plausible 
explanation of conduction disorders associated 
with localized lesions. In most instances this 
mechanism might be expected to result in QRS 
alterations roughly opposite those due to tissue 
loss. It seems possible, however, that in some 
instances the mode of excitation in uninvolved 
muscle near a lesion might be largely self- 
cancelling so that QRS effects similar to those 
of more extensive tissue loss might occur. 

The occurrence of the QRS alterations in 
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some of the experiments in which lesions were 
not produced and the failure to find recognizable 
QRS alterations by all of the lesions illustrate 
some of the shortcomings of the present study. 
It is difficult to exclude secondary factors which 
may alter the electrocardiogram from the ex- 
perimental or clinical setting of gross myo- 
cardial lesions. Failure to find recognizable 
QRS changes associated with some of the lesions 
may reflect an inadequate display of electro- 
cardiographic data in those experiments. The 
normal QRS duration in the electrocardiogram 
of the dog is approximately half that in records 
from human subjects. The recording paper 
speed of 50 mm. per second employed in this 
study may not have been rapid enough to 
demonstrate some significant changes in the 
contour of complexes. The failure to find 
significant increase in the duration of QRS com- 
plexes as a result of myocardial lesions should 
also be judged with reference to the paper 
speed employed. 


SUMMARY 


Localized lesions were produced in twenty- 
three dogs by the injection of 40 per cent formalin 
into the myocardium through the intact chest 
wall. Simultaneous electrocardiographic leads 
from an orthogonal lead system designed for this 
animal were recorded before and after produc- 
tion of the lesions. The hearts were sectioned 
at 3 mm. intervals to demonstrate location of the 
lesions, The effects of localized tissue loss in 
each of these areas were qualitatively predicted 
on the basis of the ventricular excitation 
sequence in the dog. These predicted effects 
were compared with the actual effects of the 
lesions. 

Twenty lesions resulted in QRS alterations 
similar to those predicted on the basis of tissue 
loss. These included some lesions restricted to 
the subendocardial half of the myocardium, 


and some of these were manifest by abnormal 
Q waves in the electrocardiogram. 

Alterations of the QRS complex which fol- 
lowed those attributed to tissue loss occurred 
with eleven lesions and were considered to be 
probable results of conduction disorders. There 
was a definite correlation of conduction disorders 
and involvement of the interventricular septum 
by the lesions. 
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HIS COMMUNICATION reports the results of 
‘Kisetiates of some of the fundamental 
metabolic and bioelectric phenomena which 
appear to be responsible for various electro- 
cardiographic patterns commonly observed in 
many different conditions characterized by 
myocardial ischemia. 

It has been previously suggested that there 
are two general types of myocardial ischemia, 
a mild, diffuse type and a severe, localized 
form.'—' These two types appear to differ 
markedly not only in degree and usually in 
distribution but also in their pathophysiology 
and clinical manifestations. Furthermore, they 
produce electrocardiographic patterns which 
are in almost all instances different from one 
another. In many respects, the electrocardio- 
graphic changes characteristic of severe is- 
chemia appear to be opposite to those of mild 
ischemia. It is indeed difficult to understand 
why different degrees of the same stress, i.e., 
ischemia, should cause such different clinical and 
electrocardiographic pictures. It is hoped that 
this communication will offer at least a partial 
explanation of this apparent paradox. 

Both kinds of ischemia and their typically 
different electrocardiographic patterns have 
been observed clinically and have been repro- 
duced experimentally.!:?3:5-§ As examples of 


severely ischemic clinical conditions we may 
consider the situation in the early phases of 
acute severe myocardial infarction and during 
the attacks of the variant form of angina pec- 
The electrocardiographic findings in 
these conditions are very similar. They con- 
sist of primary elevation of the S-T segment, 
increase in amplitude of the R wave or the 
development of “‘giant’”’ R waves,*:* and decrease 
or disappearance of the S wave. On the other 
hand, examples of clinical conditions in which 
‘“‘mild”’ ischemia is present are as follows: . (1) 
attacks of classic angina pectoris, (2) some cases 
of hemorrhagic shock’ and (3) some cases of mild 
myocardial infarction. The typical electro- 
cardiographic findings in each of these condi- 
tions are very similar. ‘They consist of primary 
depression of the S-T segment associated in some 
instances with decreased amplitude of the R 

7 It has been shown that in classic angina pectoris 
the ischemia is distributed in numerous “islands” on 
all surfaces of both ventricles.? The ischemia in each 
of these ‘“‘islands” is mild. Thus when reference is 
made in this paper to the ‘“‘mild’”’ ischemia of classic 
angina pectoris, we are speaking of the ischemia in 
individual areas or ‘‘islands,”’ not of the total ‘‘amount”’ 
of ischemia which is present in this condition. Because 
of the large number of “‘islands” of ischemia in classic 
angina pectoris, the total ‘‘amount”’ of ischemia may be 
as great or greater than in myocardial infarction, even 
though each “‘island”’ is only mildly ischemic. 


* From the Institute for Medical Research, Cedars of Lebanon Hospital, and the Department of Medicine, Uni- 
versity of California School of Medicine, Los Angeles; and City of Hope Medical Center, Duarte, California. Aided 
by grants from the United States Public Health Service, The American Heart Association, The Los Angeles County 


Heart Association, and the L. D. Beaumont Trust Fund. 
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"GIANT" MONOPHASIC 


‘CONTROL ELEVATION RWAVE CURVE Q WAVE 


3 min. 3 hrs. 


| min. 
Fic. 1. Electrographic changes in direct epicardial 
lead following ligation of anterior descending branch 


of coronary artery. Note the appearance of S-T 
elevation, “‘giant”” R wave and diminution of S wave. 


wave and increased depth of the S wave. It 
should be emphasized that the S-T depression is 
primary and not reciprocal. The concept of 
primary S-T depression is in no way at variance 
with the principle of reciprocity® or the funda- 
mental laws of electrocardiography. Because 
these different kinds of electrocardiographic 
changes had been observed clinically in ischemic 
conditions, the question arose whether a funda- 
mentally different degree of ischemia might be 
responsible for each pattern. In order to 
investigate this possibility, a number of clinical 
and experimental studies were made. The 
results of these investigations, presented in 
previous communications,*° indicate that there 
appear to be two different types of myocardial 
ischemia: a severe form producing S-T eleva- 
tion, large R waves and small or absent S waves, 
and a mild form resulting in primary S-T 
depression, often with decrease in height of the 
R waves and increase in depth of the S waves. 
In order to determine the reasons for these 
remarkable electrocardiographic differences, 
various degrees of ischemia were produced 
experimentally by modifying the coronary 
circulation. 


HEMODYNAMIC EXPERIMENTS 


1. Severe Ischemia: In these experiments, a 
total of sixty dogs was used. Severe localized 
myocardial ischemia was produced by ligating 
a large branch of the left anterior descending 
coronary artery. The region supplied by the 
ligated artery became cyanotic, lost its contrac- 
tility and demonstrated systolic ballooning. 
Direct leads were taken from various points 
over the severely ischemic area. In forty-seven 
trials elevation of S-T segments, increase in 
amplitude of the R waves (sometimes ‘giant’ R 
waves) and decrease in depth or disappearance 


Fic. 2. Direct epicardial leads obtained at time of 
cardiac surgery in a patient with severe classic angina 
pectoris. Multiple “‘islands” of S-T segment depres- 
sion, diagrammatically represented, are located over all 
aspects of both ventricles. The S-T segments are iso- 
electric between these “‘islands” of S-T depression. The 
appearance of the myocardium in these “islands” does 
not differ from that of the surrounding myocardium.’ 


of S waves® were consistently found (Fig. 1). 
In the central zone of large, severely ischemic 
areas, “giant” R waves were almost always 
found. As the exploring electrode was moved 
toward the periphery of such areas, the R wave 
became less and less markedly increased in 
amplitude until at the edge of the area, the 
difference from the normal amplitude was im- 
perceptible. 


2. Mild Ischemia: In contrast to these 
changes, it has been observed that the S-T 
segments are depressed in the standard leads 
in classic angina pectoris, the R wave sometimes 
becomes smaller and the S wave deeper. By 
studying direct epicardial leads of fifteen pa- 
tients with this condition undergoing thoracic 
surgery,” it was revealed that the S-T depres- 
sion of the clinical electrocardiogram was due to 
numerous “‘islands” of S-T depression on all 
surfaces of both ventricles interspersed with 
areas which showed normal tracings (Fig. 2). 
Similar S-T depressions may occur clinically 
after massive hemorrhage.’ 

In order to reproduce these findings experi- 
mentally, severe hemorrhagic hypotension was 
induced in eighteen dogs by slow bleeding. 
The systemic blood pressure was maintained at 
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‘an average level of 40 mm. Hg. Direct epi- 
cardial leads usually showed the same numerous 
islands of S-T depression,’ often with loss of 
amplitude of the R wave and increased depth 
of the S wave.® These islands did not become 
cyanotic and could not be distinguished visually 
from the rest of the myocardium. These S-T 
changes closely resembled those in patients 
with classic angina pectoris. 

3. Mild Ischemia at Border of Severely Ischemic 
Area: When an area of severe ischemia was 
produced in a dog by coronary ligation, as 
described, a tall R wave, elevated S-T segment 
and S wave occurred first and most markedly in 
the central part of this region. Soon after, but 
to a less marked degree, similar changes were 
recorded progressively from intermediate and 
peripheral portions of the ischemic area. 
After 15 to 20 minutes the periphery of this 
region became less cyanotic and the S-T 
segment recorded from this zone usually became 
depressed. What may be the same phenomena 
has on occasion been observed in man after 
myocardial infarction—elevated S-T segments 
over the region of maximum ischemia, becoming 
less elevated as the electrode is moved away 
from this area, and actually depressed at the 
less ischemic border of the lesion. 

4. Varying Degrees of Ischemia: In order to 
determine more accurately whether S-T ele- 
vation is characteristic of more severe ischemia 
than S-T depression, an area of myocardium 
was provided with a double blood supply which 
replaced the normal blood supply. Circuit 1, 
supplying the central part of this area, was ob- 
tained from the carotid artery through a 
catheter and circuit 2, supplying the periphery, 
from the femoral artery. When circuit 1 was 
tied off the central portion of this area became 
severely ischemic and S-T elevation was con- 
sistently recorded from its surface. Later, at 
its less ischemic margin as cyanosis lessened, 
S-T depression usually occurred. Now circuit 
2, supplying this marginal region, was ligated, 
increasing the ischemia. Deep cyanosis re- 
appeared in this area and S-T elevations 
promptly replaced the S-T depressions.’ Thus, 
as the ischemia increased, S-T elevation appeared 
where S-T depression had previously been present. 

Sixteen experiments were also performed to 
determine the effect of ligating a coronary artery 
and then releasing the tie. While the ligature 
was tied, maximum ischemia was present in the 
central part of the affected area and the S-T 
segment became markedly elevated. The tie 
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was then released, ischemia became less severe 
and after a few minutes S-T  pepression 
sometimes occurred. Some minutes later, the 
ischemia usually disappeared and the S-T seg- 
ment became isoelectric. Thus with severe 
ischemia, S-T elevations were recorded. When 
less marked ischemia replaced the severe is- 
chemia S-T depressions sometimes replaced the 
S-T elevations. 

A similar sequence of events occurred in one 
case of the variant form of angina pectoris in 
which we were fortunately able to obtain elec- 
trocardiograms during an entire attack. At 
the height of the attack, when ischemic was 
intense, the S-T segment was elevated. As the 
pain and ischemia decreased, the S-T segment 
became lower and transiently depressed before 
returning to the isoelectric line.6 These ex- 
periments and their clinical counterparts seem 
to suggest that severe and mild types of ischemia 
seem to produce practically opposite kinds of 
electrocardiographic changes. 

In order to determine the fundamental fac- 
tors responsible for the various electrocardio- 
graphic changes in these two kinds of myocardial 
ischemia several other series of experiments 
have more recently been carried out. These 
were designed to investigate both the bioelectric 
and metabolic changes occurring in severely 
and mildly ischemic myocardium, and to de- 
termine what role these changes might play in 
the genesis of the abnormal electrocardiographic 
patterns observed in these conditions. 


SEVERE ISCHEMIA 


Bioelectrical Experiments: The bioelectrical 
changes resulting from severe myocardial is- 
chemia produced by coronary occlusion were 
studied by investigation of the potential changes 
of individual cardiac cells as determined by the 
intracellular electrogram and its relation to the 
adjacent surface electrogram. In ninety-four 
experiments more than 1,000 intracellular 
penetrations were made with a microelectrode." 
Simultaneous intracellular electrograms and 
overlying surface electrograms were recorded. 
A special technic was devised to prevent the 
electrode from being displaced by the motion 
of the heart.!°-” 

A direct-coupled amplifier was used in the 
electrocardiograph for recording both surface 
and intracellular electrograms."' This permits 
differentiation between true S-T deviation and 
apparent S-T deviation due to T-Q segment 
shift. After a microelectrode is placed within 
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ISCHEMIA WITH 


A. CONTROL cr ELEVATION 


20mvV. 


1OOmv. 


200 msec. 
ST= O mV. 10.5 mv. 
MRP =-91 mV. -73 mV. 
TA= |O7 mv. 92 mV. 


ISCHEMIA WITH 


B. CONTROL DEPRESSION 


20mV. 


200msec. 
ST= O mv. -4.6 mV. 
MRP =-89 mV. -98 mv. 
TA=104mvVv. 


Fic. 3. Ischemic Conditions. Surface electrogram (upper 
tracing) recorded directly from the epicardium of a 
canine ventricle and intracellular electrogram (lower 
tracing) recorded simultaneously from underlying 
myocardial cell. ST = S-T segment deviation; 
MRP = membrane resting potential; TA = total 
amplitude of membrane action potential. A, recorded 
from severely ischemic areas produced by coronary 
artery ligation. Note decrease in negativity of mem- 
brane resting potential, T-Q segment depression (rela- 
tive S-T elevation), increase in R wave amplitude and 
disappearance of S wave after coronary artery ligation. 
B, recorded from “mild” ischemic area with S-T seg- 
ment depression produced by severe hemorrhagic hypo- 
tension. Note increase in membrane resting potential, 
T-Q segment elevation (relative S-T depression). 


a single cell it will record, during the diastolic 
phase, a negative potential called the membrane 
resting potential.“-“ This potential corresponds 
to the isoelectric level of the T-Q segment in 
the overlying surface electrogram. In normal 
cells of the mammalian ventricle’® the membrane 
resting potential averages approximately —90 
mv. 

In the ninety-four experiments in which 
severe ischemia was produced by coronary 
artery ligation, the membrane resting potential 
consistently showed a marked decrease in negativity. 
This resulted in a proportional lowering of the 
T-Q segment in the surface electrocardiogram 
(Fig. 3A). This would appear as marked S-T 
elevation in the clinical electrocardiogram which 
does not maintain a constant isoelectric level.* 
Table 1A shows the quantitative findings in 
these experiments. 

Metabolic Experiments: Because of the strong 
effects of potassium and sodium ions, on the 
transmembrane potentials of individual cells, 
the influence of these electrolytes on the intra- 
cellular and surface electrograms in ischemic 
myocardium was reinvestigated. 

The K+ and Nat concentration of the blood 
entering and leaving severely ischemic myo- 
cardium was determined in eighteen experi- 
ments.!® In such areas in which S-T elevations 
were present, the potassium ionic concentration 
of the venous blood leaving the region was 
much higher than that of the arterial blood. 
However, the sodium ionic concentration of 
the venous blood was usually lower than that 
of the arterial blood. These findings indicate 
that in markedly ischemic myocardium the 
intracellular K+ decreases and the Nat con- 
centration most likely increases.!*:!” 

These abnormalities are probably due to 
injury of the cells and their membranes, and to a 
partial inability of the cell membrane to main- 
tain the normal ionic gradient between intra- 
and extracellular electrolytes. ‘This imbalance 
results in a decrease in the transmembrane 
ionic gradient for both K and Na ions which is 
correlated with S-T elevation in severe is- 
chemia.’® The decrease in gradient may very 
well produce a state of hypopolarization by 
diminishing the charge on the membranes of 
the ischemic cells. 

In order to determine whether these changes 
in the chemical pattern of the blood are at 

* In severe, prolonged ischemia there may also occur 


an actual primary elevation of the S-T segment as deter- 
mined with the aid of the direct-coupled amplifier. 
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TABLE I 


Changes in Membrane Resting Potential (MRP), Overshoot of Intracellular Electrogram and Simultaneous Changes 
in S-T Level of Surface Electrogram 


No. of S-T Segment 
Trials Deviation 


A. After Coronary Occlusion* 


Control 94 | : 89.4 +0.70 
After coronary occlusion 91 ; 73.8 +0.51f 
After reopening 67 84.5+0.83 


B. During Perfusion of Nonischemic Myocardium with High K* 
(10 mEq./L. K+ mixed with 142 mEq./L. Na+)t 


Control | 40 1.00 + 0.32 92.0 + 1.70 
Maximum effect of 40 6.31 +0.27t 80.3 + 1.86t 
perfusion 


C. During Perfusion of Nonischemic Myocardium with Low Nat 
(103 mEq./L. Na+ mixed with 3 mEq./L. K+)t 


Control 38 0.82 +0.19 91.0 +1.20 
Maximum effect of 38 4.31 +0.19f 83.9 +1.18t 
perfusion 


D. After Hemorrhagic Hypotensiont 


Control 0.083 + 0.014 89.68 + 0.58 13.90 +0. 
After hemorrhagic —1.64+0.050f 94.62 + 0.38T 14.02 +0. 
hypotension 


E. In the Marginal Zone of Ischemic Area after Coronary Occlusiont 


Control 275 —0.188 + 0.015 91.02 + 0.24 13.68 +0. 
After coronary occlusion 289 —1.53+0.043f 94.07 + 0.26tf 13.63 +0. 
(25 minutes) 


F. During Perfusion of Nonischemic Myocardium with High Na* 
(171 mEq./L. Na+ Mixed with 3 mEq./L. K+)t 


Control 0.995 + 0.25 91.7+0.90 
Maximum effect of —1.90 + 0.32t 98.1 +0.88t 
perfusion 


G. During Perfusion of Nonischemic Myocardum with Low Kt 
(0.5 mEq./L. K+ Mixed with 142 mEq./L. Na*)t 


| 92.1 +0.79 | 


| 
Control 36 | 0.79 + 0.28 
Maximum effect of 36 | —1.61+0.29f - 96.3 +1.20f | 


perfusion 


Note: The mean values of potential are given in millivolts, + the standard error of the mean. 

* S-T segment elevation and decrease of membrane resting potential occurred, showing a highly significant dif- 
ference compared with control value. - 

+ Highly significant difference compared with control value (P < 0.01). 

t S-T segment depression and increase of membrane resting potential occurred, showing a highly significant dif- 
ference compared with control value. 
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Data | MRP Overshoot 
13.12+0.41 
12.82+0.45 
13.0+0.48 
14.2+1.48 
13.6 +1.80 
14.42+1.15 
13.4+1.08 
| 
14 
22 
: 14 
16 
| 12.8+1.17 
| 12.5 +1.05 
13.7+0.60 
13.6 +1.03 
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PERFUSION 


A. CONTROL with HIGH Kt 


> 
200 msec. 
ST = 7.0 mV. 
MRP =- 92 mV. -76mV 
TA= 107 mV. 9IimvV. 
B. CONTROL GRY USION 


WITH HIGH Nat 


> 
200 msec 
ST= O05 mv. -3.5mV 
MRP =- 9 I mV. -97 mV. 
TA= 106mvV. 112 mV. 


Fic. 4. Nonischemic Conditions. Effects of perfusion with 
(A) high concentration of K* and (B) high concentra- 
tion of Na* on the surface and intracellular electrograms. 
Abbreviations as in Figure 3. A, perfusion with solution 
of high concentration of K*. Note decrease in nega- 
tivity of membrane resting potential, T-Q segment de- 
pression (relative S-T elevation), slight increase in R 
wave, decrease in S wave. B, perfusion with solution 
of high concentration of Na*. Note increase in mem- 
brane resting potential, T-Q segment elevation (relative 
S-T depression). The intrinsic deflection (dotted line) 
was drawn by hand for better visualization. 


least partly responsible for the S-T elevation 
and not just coincidental, their effect upon 
nonischemic myocardium was studied. For 
this purpose, a total of seventy-eight perfusion 
experiments was carried out.'® A disturbance 
of transmembrane gradient was produced in 
dogs under nonischemic conditions by per- 
fusing the myocardium with solutions of high 


K ion (forty experiments) or low Na ion con- 
centration (thirty-eight experiments). Both so- 
lutions were close enough to normal tonicity 
so that hemolysis did not occur. The solution 
high in K* contained 10 mEq. per L. of Kt 
mixed with a solution of normal Na? concen- 
tration (142 mEq. per L.). The low Nat 
solution contained 103 mEq. per L. of Nat 
mixed with a solution containing 3 mEq. 
per L. of K+. The exact concentration of 
K+ and Nat in the extracellular spaces of 
the myocardium during perfusion is not known. 
However, it is believed that the extracellular 
concentration of these ions became moderately 
higher or lower than normal as a result of 
perfusion. Perfusion with either of these solu- 
tions promptly resulted in the appearance of 
T-Q depressions and corresponding S-T eleva- 
tions in the surface electrogram. These were 
again shown in the intracellular electrogram to 
be due to T-Q depressions caused by decreased 
negative membrane resting potential of the 
individual underlying cells (Fig. 4A). It is 
suggested that this decrease may again be due to 
hypopolarization of the cell membrane (Table 
1B and C). In these perfusion experiments 
the electrolyte disturbances were of very short 
duration, lasting 15 to 20 seconds. Thus, 
while such experiments may have some simi- 
larity to subacute or chronic clinical conditions 
with abnormal blood electrolyte patterns, the 
changes in disease are obviously more complex, 
and cannot be expected to be identical with 
these experimental conditions. 

Nevertheless, from the foregoing, it would 
seem that a decrease in transmembrane ionic gradient 
Ka+ and Nat, and undoubtedly other chemical 
changes, can be largely responsible for the 
occurrence of S-T segment elevation in severe 
ischemia as well as in nonischemic myocardium. 

Mechanism of R and S Wave Changes: .An 
effort was made to determine the mechanism of 
the development of increased amplitude’ of the 
R wave which may be seen early in severe 
ischemia, and also the diminution or disap- 
pearance of S waves in this condition. These 
phenomena were investigated by correlating 
surface electrograms with intracellular electro- 
grams in normal areas and in experimentally 
produced areas of severe ischemia. In the 
normal heart it was observed that the onset of 
the R wave of the surface electrogram always 
preceded the onset of the membrane action 
potential of the underlying subepicardial cells. 
The intracellular electrogram, however, re- 
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20 mv. 


200 msec. 


Ext E. 


Ext. E. 


Fic. 5. Simultaneous recordings of surface and intracellular electrograms of 
underlying cell in control (left) and 20 minutes after coronary artery occlusion 


(right). 


onset of the subepicardial transmembrane action potential (MAP). 


Note that the onset of the R wave of surface electrogram precedes the 


Before the 


onset of transmembrane action potential in the intracellular electrogram, a 
deflection (extrinsic effect) which has similar amplitude and configuration with 
R wave of overlying surface electrogram is seen. 


corded a delta-shaped wave corresponding to 
the initial portion of the surface R wave. This 
small delta wave is due to the action potentials of 
surrounding cells. It is, therefore, an extrinsic 
effect (Fig. 5). 

In severely ischemic areas this extrinsic effect 
is greatly increased in amplitude and duration. 
As a result, the surface R wave becomes larger 
and wider and the S wave becomes smaller and 
may disappear. ‘These findings are probably 
the result of delayed conduction in the ischemic 
muscle,®!°,2° This localized conduction dis- 
turbance produces a situation in which the sur- 
face electrode faces potentials which are almost 
exclusively positive and thus records large 
prolonged R waves. It has been shown by 
Rakita et al.?® and later confirmed” that when 
simultaneous tracings are made from intramural 
electrodes situated at various depths in severely 
ischemic myocardium, evidence of slowing of 
depolarization is also obtained. This conduc- 
tion disturbance, as indicated by the increased 
amplitude and width of the R wave, was gener- 
ally not apparent in the subendocardium but 
became progressively more severe nearer the 
epicardium. Because the surface R wave is so 
large and prolonged, the S wave is buried in it 
and is reduced or disappears (Fig. 5). 

There also appears to be a correlation be- 
tween the occurrence of large, upright T waves 
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in acute severe ischemia and alterations in the 
slope of the repolarization wave of the intra- 
cellular electrogram. Tracings from individual 
cells show an increase in the slope of repolariza- 
tion and a shortened duration of the membrane 
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(INVERTED T) 


SUPERIMPOSED ICEG 
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SEVERE ISCHEMIA 
(HIGH T) 


200 msec. 


Fic. 6. Superimposed intracellular electrograms of 
A, a myocardial cell showing an inverted T wave due 
to experimental conditions and B, an acutely ischemic 
cell with S-T elevation. The slow repolarization phase 
of each tracing and simultaneous T wave configuration 
is shown by arrows. In acute severe ischemia the high 
T wave is associated with steep slope of repolarization. 
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action potential which may be responsible for 
the T wave becoming large and upright (Fig. 
6). However, further studies on the funda- 
mental causes of ‘T’ wave changes in ischemia are 
obviously needed. 


IscHEMIA 


In order to determine the fundamental bio- 
electrical and metabolic disturbances responsible 
for the electrocardiographic changes found in 
mild ischemia and to compare them with those 
found in severe ischemia, similar bioelectrical 
and metabolic studies were carried out. 

Bioelectrical Experiments: ‘“‘Islands’” of mild 
myocardial ischemia were produced by bleeding 
as already described. These islands were then 
studied by correlating the intracellular electro- 
gram and simultaneous overlying surface electro- 
gram. More than 1,200 penetrations were made 
with the microelectrode in such areas.” An 
increase in the negativity of the membrane rest- 
ing potential of these cells usually occurred. Al- 
though this was a definite and statistically sig- 
nificant finding, the increase in negativity of the 
membrane resting potential was usually not as 
striking as the decrease noted in severely is- 
chemic cells. 

The increased negativity membrane resting 
potential consistently produced a significant 
and proportional elevation of the T-Q level 
of the overlying surface of the electrogram 
(Fig. 3B) (Table 1D). In the clinical electro- 
cardiogram this is manifested as relative de- 
pression of the S-T segment, as previously ex- 
plained. Thus, the findings are essentially 
opposite to those found in severe ischemia. 
Since the increase in negativity of the membrane 
resting potential and corresponding elevation 
of the T-Q level are not as marked as the op- 
posite changes in severe ischemia, it is to be ex- 
pected that the clinical S-T depressions of mild 
ischemia would be less marked than the S-T 
elevations of severe ischemia. ‘This is in general 
accord with clinical experience. 

Similar studies were made of the relatively 
mildly ischemic margins of severely ischemic 
areas produced by coronary ligation. Moder- 
ate but significant increases in the negativity 
of the membrane resting potential were found, 
with resulting elevation of the surface T-Q 
segments and apparent depression of the surface 
S-T segments (Table 1E). These changes 
appear to be consistent with the findings in 
mildly ischemic areas produced by bleeding. 
They also offer an explanation of the S-T 


depressions sometimes observed clinically at 
the margins of acute severe myocardial infarc- 
tions. 

It has recently been pointed out®’ that S-T 
depression is clinically significant of ischemia 
mainly when the depressed S-T segment is 
flat. It is possible that a partial explanation 
for this may be the flat configuration of the 
elevated T-Q segment which results from in- 
creased negativity of the membrane resting 
potential in mild ischemia, as shown experi- 
mentally. After the onset of ischemia the 
membrane resting potential assumes a new level 
which is maintained with little or no fluctua- 
tion. This results in a practically flat tracing 
for the membrane resting potential as well as 
the T-Q level. Hence, the S-T segment would 
also be expected to be flat. 

Metabolic Experiments: Are the primary S-T 
depressions of mild ischemia associated with 
chemical disturbances, as was found with the 
S-T elevations of severe ischemia? In order to 
investigate this possibility the K and Na ion 
concentrations of arterial and venous blood 
were studied in mildly ischemic myocardium 
in which ‘S-T depressions were recorded.'* 
The K ion concentration of the venous blood was 
generally less than that of the arterial blood and 
the Na ion concentration generally higher. 
Therefore, intracellular potassium concentra- 
tion must have become higher than normal 
limits and intracellular Na+ concentration 
probably diminished. Thus, in these areas 
the transmembrane ionic gradients of K+ and 
Nat were significantly higher than in areas 
where the S-T segment was isoelectric. 

The increased uptake of K* by the mildly is- 
chemic cells may be explained theoretically 
as follows: In normal cells energy is supplied 
chiefly by aerobic breakdown of glycogen. 
In mild ischemia, however, the energy demands 
of the cells are supplied largely by anaerobic 
breakdown of glycogen because of the limited 
oxygen supply. The anaerobic catabolism 
of glycogen calls for an increase in cellular 
uptake of glucose. Since glucose has an affinity 
for K+, it carries K+ with it into the cell.” 
Thus, the transmembrane ionic concentration 
gradient of K+ increases. This may well result 
in a state of hyperpolarization by increasing the 
electrical charges on the membranes of the 
mildly ischemic cells. 

In order to determine whether chemical 
changes alone, without ischemia, could be 
responsible for primary S-T depression, per- 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Myocardial Ischemia 


501 


CHART I 
Theoretical Chain of Events in Ischemia and Nonischemic Conditions with Electrolyte Alterations 


(2) 


(1) Electrolyte Alterations in (3) 


Severe Acute Ischemig 


Nonischemic Conditions 


Mild Ischemia 


Cell Membrane Injury (partially 
loses ability to maintain ionic 
concentration gradient) 


Decreased Transmembrane Ionic High K+ 
Concentration Gradient for =< Low Nat 
K+ and Nat 


Decreased Membrane Resting 
Potential (hypopolarization) 


T-Q Depression 
Relative S-T Elevation 


Increased Amplitude of R Wave 
(sometimes ‘‘giant’”’ R wave), 
Decrease or Disappearance of 
S Wave, Amplitude of T Wave 
Usually Increased. 


(extracellular fluid) 


Increased Metabolism of Glucose 
and Potassium 


Increased Transmembrane Ionic 
Concentration Gradient for 
K+ and Nat 


High Nat 
Low > 


Increased Membrane Resting 
Potential (hyperpolarization) 


T-Q Elevation 
Relative S-T Depression 


Sometimes Decreased R Wave, 
Increased S Wave 


CHART I. 


Theoretical interrelations of metabolic and bioelectrical events based on ;the experimental data during 


ischemic and some nonischemic conditions. Column 1 shows what may theoretically occur as a result of severe ischemia. 


Column 3 shows the theoretical sequence of events after mild ischemia. 


Column 2 shows the theoretical sequence of 


events in nonischemic conditions but in the presence of the identical electrolyte dusturbances. 


fusion of normal myocardium was carried out 
in eighty-one experiments with solutions of low 
K+ concentration (thirty-six experiments) or 
high Na* concentration (forty-five experi- 
ments).!® Both procedures promptly and con- 
sistently resulted in T-Q elevation (relative S-T 
depression). The membrane resting potential 
in the intracellular electrogram increased simul- 
taneously (Fig. 4B). -It is suggested that the 
increase in membrane resting potential can be 
explained in terms of hyperpolarization of the 
cell membrane (Table 1F and G). Hence, it 
seems that an increase in the gradient for K and 
Na ions, and probably other chemical factors, 
are responsible for the increased membrane 
resting potential and primary S-T depressions 
seen in mild ischemia. 


COMMENTS 


Those who wish to view these metabolic and 
bioelectrical changes in mildly ischemic cells as 
a homeostatic mechanism might argue that 
such cells, by accumulating excess K+ and 
glucose, are better prepared than normal cells 
to withstand an increase in ischemia which 
tends to damage the cells severely and causes a 
loss of K+ from them. Having stored K+ 


OCTOBER 1961 


(and glucose) during mild ischemia, a subse- 
quent loss of K+ due to severe ischemia might 
be tolerated better than if the cell had not 
accumulated such an extra reserve. If these 
metabolic phenomena displayed by mildly 
ischemic cells are a protective device, it would 
offer an explanation for the observation that 
their bioelectric and electrocardiographic mani- 
festations are almost opposite from those of 
severely ischemic cells. 

The theoretical chain of events in severe and 
mild ischemic conditions and in nonischemic 
conditions produced by electrolyte alterations 
may be postulated as shown (Chart 1). 

In severe ischemia there is injury of the cell 
and its membrane. The membrane loses some 
of its ability to maintain a normal ionic con- 
centration gradient. The decreased gradient 
occurs because excessive amounts of K* leave 
the cell and excessive amounts of Na* enter the 
cell from the extracellular fluid. This is fol- 
lowed by a decrease in negativity of the mem- 
brane resting potential—hypopolarization. The 
decrease in membrane resting potential results 
in apparent S-T elevation in the clinical electro- 
cardiogram. Associated with this are “giant” R 
waves and small S waves due to slowing of the 


: 
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depolarization wave. If the extracellular fluid 
becomes abnormally high in K ion concentra- 
tion or low in Na ion, even in the absence of 
ischemia, the transmembrane ionic gradient 
will be decreased for these ions and the same 
train of electrical events may occur. 

In conditions of mild ischemia, glucose and po- 
tassium uptake of the cell is increased. The 
transmembrane ionic gradients for potassium 
and probably sodium are increased. This 
causes increased negativity of the membrane 
resting potential or hyperpolarization. ‘The re- 
sult is S-T depression. Associated with this, 
decreased R waves and increased S waves are 
occasionally seen. In the absence of ischemia, 
low K ion concentration or high Na ion con- 
centration in the extracellular fluid will also 
increase the transmembrane ionic concentration 
gradient and the same _ electrocardiographic 
changes may result as in mild ischemia. 

Because of the electrographic findings in 
the nonischemic myocardium, resulting from 
electrolyte changes alone, the literature on this 
subject was examined. At least forty different 
clinical conditions were found in which S-T 
segment deviation may sometimes occur without 
myocardial ischemia.”® ‘These conditions are 
often associated with marked chemical disturb- 
ances in the systemic blood serum. ‘Thus, 
it is suggested that these S-T deviations may be 
also related, at least in part, to changes in the 
transmembrane ionic concentration gradient in 
the myocardial cells. From a practical point 
of view it is, therefore, important always to 
consider chemical changes in the systemic blood 
as a possible cause of electrocardiographic 
changes. S-T depression similar to those found 
in classic angina pectoris may be seen, for ex- 
ample, in children with marked K+ depletion 
resulting from severe intractable diarrhea. 

The foregoing experimental and clinical 
observations appear to offer a reasonable but 
undoubtedly incomplete explanation for the 
electrocardiographic findings in mild and severe 
myocardial ischemia and in some nonischemic 
conditions. 


SUMMARY 


Severe ischemia results in serious damage to 
myocardial cells and their membranes. As a 
consequence, K+ is lost from these cells and 
intracellular Na+ concentration probably rises. 
These changes produce a decrease in the trans- 
membrane ionic gradient for these substances 
and probably hypopolarization of the cell 


muscle. 


membranes. This is manifested in the intra- 
cellular electrogram by a decrease in negativity 
of the membrane resting potential of the individ- 
ual subepicardial ischemic cells. In direct 
electrograms from the epicardium over these 
cells the T-Q segment becomes depressed. This 
T-Q depression is indicated in the clinical 
electrocardiogram as S-T elevation. 

Perfusion of nonischemic myocardium with 
solutions of high K+ or low Nat concentration 
produces intracellular and surface electro- 
graphic changes similar to those of severe is- 
chemia. This supports the theory that meta- 
bolic changes such as those just described are at 
least part of the fundamental cause of the 
electrocardiographic changes of severe ischemia. 
In all probability, other chemical and metabolic 
factors also play a role in their production. 

Mild ischemia produces an increased uptake 
of K+ and probably glucose by the myocardial 
cells. As a result, the transmembrane ionic 
gradient for K+ increases and a state of hyper- 
polarization may occur. This causes. an in- 
crease in membrane resting potential of the 
individual cells, manifested in the overlying 
surface electrogram by elevation of the T-Q 
segment. In the clinical electrocardiogram this 
appears as S-T depression. 

Perfusion of nonischemic myocardium with 
solutions of low K+ or high Na+ ion concen- 
tration produces intracellular and surface elec- 
trocardiographic changes similar to those of 
mild ischemia. This again provides support 
for the belief that such metabolic changes may 
be in part responsible for the electrocardio- 
graphic phenomena of mild ischemia. 

The increase in amplitude of the R wave often 
observed early in severe ischemia appears to be 
the result of delayed conduction in the ischemic 
The tall R wave is also widened 
because of this delay. The S wave is buried in 
the wide R wave and thus becomes smaller or 
entirely invisible. 

The increase in intracellular K+ and glucose 
in mild ischemia may represent a homeostatic 
mechanism by which the cells prepare them- 
selves for injury by severe ischemia. The fact 
that the electrographic and electrocardiographic 
phenomena of the two kinds of ischemia are 
almost opposite in nature then becomes under- 
standable as a manifestation of such a mecha- 
nism. 
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Report on Therapy 


Digitalization by Combined Intravenous and 
Oral Administration of Two Glycosides’ 


MarceL NEUMANN, M.D. and RayMonpD REICH, M.D. 


Chicago, Illinois 


NE OF THE common problems of digitaliza- 
«3 tion in acutely ill patients is represented 
by the fact that the physician often prefers to 
treat such patients by a rapidly acting, in- 
travenously administered digitalis glycoside. 
Following the initial effect, it is necessary to 
continue digitalization with a more slowly 
eliminated oral preparation. However, the 
rapidly acting glycoside (digoxin or deslanoside 
C) is also rapidly eliminated. Therefore, it is 
difficult to decide on a plan of digitalization 
with a slower glycoside (digitoxin) because of 
the interaction of two preparations with 
different rates of accumulation and dissipation. 

Knowing that the average rate of dissipation 
of deslanoside C is about 20 per cent a day and 
of digitoxin about 7 per cent a day,! a theoretic 
scheme can be devised. However, only a 
practical, empirical study can supply the final 
answer by showing which dosage is followed by 
the minimal number of patients who were 
either incompletely digitalized or presented the 
toxic phenomena of overdigitalization. 

Similar studies were made by. Hellman and 
Porter? and Crouch.’ However, since they 
used oral acetyldigitoxin after intravenous 
deslanoside, their findings cannot be exactly 
compared with those of the present study. 


METHOD 


A total of 102 patients were digitalized. The 
patients were in congestive heart failure and had not 
received any digitalis glycoside for at least three 
weeks prior to the onset of treatment. 

The patients ranged in age from forty-nine to 
ninety-five years (average seventy years), and the 


*From the Department of Medicine of the Chicago Medical School; 
the Parkview Rose Eisenberg Memorial Home; and the Orthodox Jewish 


Medical School and Mount Sinai Hospital; 
Home for the Aged, Chicago, Illinois. 


entire series. 


cardiac diagnosis included both right- and left-sided 
cardiac decompensation as a result of coronary, 
hypertensive, or rheumatic heart disease, or chronic 
or acute cor pulmonale. 

The criteria for decompensation (whether right- or 
left-sided) included the clinical observation of dysp- 
nea, orthopnea, tachycardia, weight gain, pedal 
edema, ascites, pulmonary rales or pleural effusion, 
distended neck veins, hepatomegaly with tenderness 
and positive hepatojugular reflux, cardiac enlarge- 
ment (detected both on percussion and by roent- 
genology), the presence of gallop rhythm on ausculta- 
tion, and the finding of elevated venous pressure and 
prolonged circulation times. Not all the patients 
of this study presented each of the aforementioned 
symptoms and signs. However, these objective 
findings were looked for and used to evaluate the 
progress and efficacy of digitalization. 

Underdigitalization was admitted when these clinical 
data disappeared slowly or recurred. Overdigitaliza- 
tion was considered present if the patient complained 
of visual disturbances, vertigo, nausea or vomiting, or 
if bigeminy, grade 1 A-V block or severe tachycardia 
were found. Death occurred in two cases of the 
The possible connection between this 
occurrence and excess of digitalization was taken into 
consideration but not conclusively proved. f 

Methods of Digitalization: Table 1 illustrates the five 
schemes of digitalization which were followed. All 
five schemes employed the use of a standard and equal 
dose of an intravenous digitalis preparation (Cedi- 
lanid®-D) for the rapid initiation of digitalization. 
The schemes differ thereafter only in the dosage and 
time of initiation of oral digitoxin (Crystodigin®). 

ft Death occurred several days after the intravenous 
injection of digitalis glycoside. Therefore, no direct 
connection between injection and death was admitted. 
The possibility of overdigitalization by mouth as a 
cause of death is even less likely. 
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TABLE I 
Schemes of Digitalization 


Group No. Scheme 

Group 1 Initial dose of Cedilanid—4 cc. = 0.8 mg. intravenously 
Digitoxin—on same day 0.8 mg. within 2 hr. 
Digitoxin—second day 0.4 mg. 
Digitoxin—third day 0.2 mg. 
Maintenance dose of digitoxin 0.1 mg. 

Group 2 Initial dose of Cedilanid—4 cc. =] 0.8 mg. intravenously 
Digitoxin—on same day None 
Digitoxin—second day 0.8 mg. 
Digitoxin—third day 0.4 mg. 
Digitoxin—fourth day 0.2 mg. 
Maintenance dose of digitoxin 0.1 mg. 

Group 3 Initial dose of Cedilanid—4 cc. = 0.8 mg. intravenously 
Digitoxin—on same day 0.4 mg. within 2 hr. 
Digitoxin—second day 0.4 mg. 
Digitoxin—third day 0.2 mg. 
Maintenance dose of digitoxin 0.1 mg. 

Group 4 Initial dose of Cedilanid—4 cc. = 0.8 intravenously 
Digitoxin—on same day 0.2 mg. within 2 hr. 
Digitoxin—second day 0.2 mg. 
Digitoxin—third day 0.2 mg. 
Maintenance dose of digitoxin 0.1 mg. 

Group 5 Initial dose of Cedilanid—4 cc. = 0.8 mg. intravenously 
Cedilanid—6 hr. after injection 3 mg. orally 
Cedilanid—second day 1 mg. orally 
Cedilanid—third day 1 mg. orally 
Maintenance dose of Cedilanid 0.5 mg. orally 


Scheme five substitutes oral Cedilanid-D in tablet 
form for the digitoxin used in the other groups. 

The majority of the patients were hospitalized, 
thereby facilitating a constant monitoring of their 
progress as well as an objective evaluation of their 
response to digitalis. All patients, whether hospital- 
ized or seen on a regular outpatient basis, were fol- 
lowed up for a minimum of three weeks and a maxi- 
mum of four months, before inclusion in the study. 

During the course of digitalization, the patients 
were given no standard diuretic agents, either paren- 
teral or oral, and no antihypertensive medication but 
were on a low sodium diet. 

In our study, each of the five groups represented 
what we considered to be a typical cross section of 
the gradient of cardiac failure, ranging from mild to 
most severe. During the course of this project, we 
eliminated a small group of patients with severe 
congestive failure and pulmonary edema, secondary 
to myocardial infarction or cerebrovascular accident. 
This group was given repeated intravenous injections 
of Cedilanid-D following the initial dose of Cedilanid- 
D. However, because of the severity of the under- 
lying disease (i.e., myocardial infarct or cerebro- 
vascular accident), many of these patients died before 
an adequate analysis of the efficacy of digitalization 
could be made. 
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RESULTS 


Table 1 demonstrates the results of the five 
schemes of digitalization. 

Group 1 (twenty-six cases) had one case with 
fatal outcome and four cases with toxic effects, 
while only one patient seemed inadequately 
digitalized. It was concluded that the oral 
dose of digitoxin (0.8 mg. soon after the initial 
injection) was excessive. The same was ad- 
mitted for group 2 (twenty-one cases) in which 
there was one fatality and three cases with toxic 
effects: the dose of digitoxin (0.8 mg. on the 
second day) was still too high. Again, group 5 
showed toxic effects in three of twelve cases: 
the dose of oral Cedilanid-D was apparently too 
high. 

Good results were found in general in group 4 
(22 cases) but, while one patient still had toxic 
effects, two patients were definitely under- 
digitalized. The dose of oral digitoxin (0.2 mg. 
every day, starting on day of injection) was 
probably too low for the average patient. 

Group 3 gave the best results in our study. 
The scheme consisted of an intravenous injection 
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TABLE II 


Results of Various Schemes of Digitalization 


No No. of Good | Toxic Inadequate Fatal 

; Cases Results | Effects Digitalization Outcome : 
Group 1 26 | 20 4 1 1 Excessive dosage 
Group 2 21 | 17 3 0 1 Excessive dosage 
Group 3 21 | 20 0 1 0 Optimal dose 
Group 4 22 19 1 2 0 Near optimal dose 
Group 5 12 | 8 3 1 0 Excessive dosage 

Total cases 102 | 84 11 5 2 


of 0.8 mg. Cedilanid-D, followed by the oral 
administration of 0.4 mg. digitoxin on the same 
and the following day, 0.2 mg. on the third day, 
and a maintenance dose of 0.1 mg. starting 
on the fourth day. None of the twenty-one 
patients had toxic effects, no fatality occurred, 
and only one was underdigitalized. Physio- 
logically and pharmacologically this can be 
readily understood by considering the ratios 
of dissipation of deslanoside and digitoxin, 
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and the probable resulting rate of accumulation 
(Fig.1). The curve resulting from the addition 
of digitoxin to deslanoside by weight gives an 
initial peak followed by a stable line. However, 
if one considers that the average digitalizing 
dose of deslanoside is 1.6 mg. and of digitoxin is 
1.2 mg. (DeGraff*), the curve of the total 
percentage of the digitalizing dose obtained 
reaches the optimum on the second day and then 
follows a stable line near 100 per cent (Fig. 1). 


COMMENTS 


Even though no cases of heart failure are 
exactly comparable, the patients in our study 
were similar in regard to age and severity of 
heart failure. By comparing groups 1 to 5, 
the conclusion seems to be that, after initial 
intravenous digitalization with Cedilanid-D, 
the best scheme is to give 0.4 mg. digitoxin on 
the same day, between 0.2 and 0.4 mg. on the 
following two days, and then put the patient on 
a maintenance dose of 0.1 mg. A slightly less 
effective scheme consisted of 0.2 mg. of digitoxin 
on the day of the intravenous injection, followed 
by 0.2 mg. on the second and third day, and then 
by the maintenance dose. 


SUMMARY 


A group of 102 patients was studied in an 
attempt to arrive at a scheme of digitalization 
employing intravenous Cedilanid-D at first, 
and then oral digitoxin. Various schemes were 
followed to see which produced the best thera- 
peutic effects and the smallest incidence of either 
toxicity or inadequate digitalization. 

The scheme found most effective consisted 
of intravenous Cedilanid-D 0.8 mg. followed 
by oral digitoxin 0.4 mg. on the same day and 
the following day, then 0.2 mg. on the third day 
followed by a daily maintenance dose of 0.1 
mg. digitoxin. A slightly less effective scheme 
consisted of 0.2 mg. on the day of the intravenous 
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injection followed by 0.2 mg. on the second and 
third day, and then by the maintenance dose. 
As the other schemes were less satisfactory, it 
was considered likely that the optimal dose in 
the individual case may vary between that 
used in the two schemes just mentioned. The 
higher dosage should be employed in the more 
severe cases of failure while the other may be 
reserved for the milder forms. 
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Historical Milestones 


John Eberle’s Lectures on Medicine (1827) 


SAUL JARCHO, M.D. 


New York, New York 


OHN Eberle (1788-1838), a well known 
medical editor, author, practitioner and 
teacher, was one of the founders of the Jefferson 
Medical College. He taught materia medica 
and the theory and practice of medicine at 
that institution in its earliest days. Later he 
became involved in the tempestuous vicissitudes 
of the Medical College of Ohio and the rival 
school at Louisville. Both in Philadelphia and 
in Cincinnati he was for various periods a col- 
league of the ubiquitous Daniel Drake. 

Eberle’s most important writings are his 
Treatise of the Materia Medica and Therapeutics 
(two volumes, 1822 to 1823) which enjoyed high 
esteem for some years, and his Treatise on the 
Practice of Medicine (1830). The latter work was 
the more popular but in the opinion of Thomas 
D. Mitchell, Eberle’s colleague and biographer, 
was a less important contribution.* 

In addition to his major writings Eberle 
published a compendium titled Notes of Lectures 
on the Theory and Practice of Medicine, Delivered 
in the Jefferson Medical College, 252 pages, 
Philadelphia, 1827, Auner. ‘This book, like most 
others of its kind, makes no pretense of literary 
grace. Instead it is filled with abrupt, concise 
sentences which convey the principal content 
of the lecturer’s offering. Consequently the 
modern reader is given, as it were, a biopsy, 
which reveals in small compass what was taught 
to students at one American medical college in 
the third decade of the nineteenth century. 


* 
EXCERPTS FROM EBERLE’s “‘NOTES”’ 


PREFACE 
This little work is published expressly for the 
* MitcHELL, T. D. John Eberle. In: Gross, S. D. 


Lives of Eminent American Physicians and Surgeons, pp. 
460-478. Philadelphia, 1861. Lindsay and Blakiston. 


use of the students attending the author’s 
lectures on the Theory and Practice of Medicine. 
It embraces little more than the main proposi- 
tions and facts, which form the ground-work of 
the lectures; in other words, the ¢ext upon 
which he enlarges and comments in extemporary 
discourse; and which, especially, the student 
ought to impress upon his memory. The 
practice of taking notes, though attended with 
some advantages, is nevertheless, on the whole, 
calculated to lessen the benefits to be derived 
from oral instruction. The train of thought 
and reasoning is interrupted; and the mind 
irregularly hurried along the current of the 
speaker’s observations—seizing sometimes upon 
remarks that are comparatively unimportant, 
at the expense of others of a more useful and 
interesting import; and losing in a great 
measure the general spirit and scope of the 
speaker’s discourse, more especially when the 
subject is one of general disquisition. These 
disadvantages, it is believed, will be diminished, 
if not wholly obviated, by works constructed 
on the plan of the present one. Being secure 


‘of the ¢ext, or propositions, the student may 


yield his mind, without embarrassment, to the 
explications and discussions of the lecturer. 
His efforts, too, in recalling to his mind the 
observations he may have heard from the 
speaker, will be greatly favoured, by looking 
over, in private, the sketch which is thus 
placed in his hands. 

The author acknowledges, that this manual 
does not come up to the idea he has formed, of 
the proper construction of a text-book of this 
kind; but, such as it is, he flatters himself, that 
it will in some degree answer the intentions for 
which it was composed; and with this hope, he 
respectfully dedicates it to those students of 
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medicine, who do him the honour of attending 
his lectures. . . 


ANGINA PECTORIS 


Symptoms: Sudden and violent pain about the 
sternum, extending to the arms, attended with 
great anxiety, difficulty of breathing, and a 
sense of suffocation; pulse seldom materially 
affected—sometimes irregular or intermitting; 
countenance pale, and expressive of intense 
anxiety; extremities cold. The attack usually 
comes on while the patient is walking. At 
first, it lasts but a few minutes, and returns 
after long intervals; but by degrees the fits 
recur oftener, and become more protracted. 

Predisposition: It occurs more frequently in 
males than females; and exceedingly seldom 
in young persons. Subjects of a gouty or 
rheumatic habit, with a tendency to corpulency, 
are most liable to the disease. 

Causes: Ossification of the coronary arteries, 
and valves of the heart; dilatation of its ven- 
tricles; a softened structure of the heart, and other 
organic affections of this organ, and of the 
adjoining parts. In some cases, however, not 
the slightest traces of structural derangement 
are found on dissection. Dr. Johnson thinks 
that a neuralgic affection of the cardiac plexus 
may produce it—an opinion which is, I think, 
well founded. From all that has been as- 
certained in relation to this subject, it would 
seem, that angina pectoris is an affection which 
may be excited by a variety of causes; and it 
appears to me probable, that the essential 
nature of the disease, consists in an zmritated 
condition of the cardiac nerves. 

Prognosis: The disease is generally believed to 
be incurable; and when it depends on structural 
derangement of the heart, it undoubtedly is so. 
There are some well attested cases on record, 
however, which yielded to remediate measures. 
Death almost always occurs suddenly. Fother- 
gill, Wichmann. 

Treatment: For the relief of the paroxysm, 
bleeding, opium, hyoscyamus, a recumbent 
posture, and perfect rest and quietness, are 
often found beneficial. To prevent the return 
of the disease, the following remedies have been 
employed with advantage. Guaiacum; opium, 
musk, and camphor, in union, (Shaeffer); 
cicuta, assafoetida, and camphor, (Johstone); 
flowers of zinc and opium, (Perkins); lime 
water and antimony, (Smith); frictions with 
tartar emetic ointment on the breast, (Godwin) ; 
phosphoric acid, (Baumes, Richter); James’s 
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powder, (Smith): a rigid antiphlogistic regimen, 
(Odier); arsenic, (Hufeland, Blane); prussic 
acid; hyoscyamus; stramonium; cuprum am- 
moniacum, &c. All kinds of spirituous drinks 
are injurious; so are strong mental emotions; 
inordinate venereal indulgence; strong cor- 
poreal exertions; sudden atmospheric vicis- 
situdes; indigestible and irritating articles of 
food, &c. 


DROPSY 


Pathology of Dropsy: Dropsical effusion is not, 
properly speaking, a disease, but only an 
effect of disease. The morbid condition upon 
which dropsical effusions depend, is either in- 
flammation, or a state of the exhalants closely 
allied to inflammation. (Rush.) The doc- 
trines which allege, that torpor of the ab- 
sorbents, or relaxation of the exhalants, is the 
proximate cause of the effusion, are examined, 
and their insufficiency pointed out. There is, 
no doubt, always deficient venous absorption, 
because that condition of the capillaries, which 
disposes to excessive exhalation, is essentially 
connected with a congested state of these 
vessels, and congestion, or vascular fulness, 
always impedes absorption. (Magendie.) Ob- 
servations on the character of the urine in 
hydropic diseases. In some instances, the 
urine contains more or less serum; in others, 
it is entirely destitute of it. According to the 
observations of Blackall, Willis, and Ayre, it is in 
the sub-acute and idiopathic forms of dropsy, 
that the urine is loaded with the greatest 
quantity of serum. In dropsy from scarlatina, 
there is generally a large quantity of serum in 
the urine. In local dropsies, not attended with 
general excitement, the urine is seldom charged 
with any serum. (Ayre.) 

When the heart sympathizes with the local or 
general morbid action of the exhalants, febrile 
symptoms attend. When the morbid excite- 
ment of the exhalants does not extend to the 
heart, the general circulation is languid, and 
debility and relaxation characterize the disease. 

The general indications in the treatment of 
dropsy, are: 1. To procure the absorption and 
elimination of the effused fluid; 2. To correct 
the morbid action of the serous exhalants, 
from which the effusion takes place. 

Dropsy is divided into three principal 
varieties: viz. Anasarca, ascites, and hydrothorax. 


ANASARCA 
In this variety, the effusion takes place into 
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the cellular tissue. It may be either local or 
general. A part that is anasarcous, pits, on 
pressure. It almost always begins in the feet 
or legs—the swelling diminishing during the 
night, and increasing towards evening. The 
urine in this, as in the other varieties of dropsy, 
is always scanty and high coloured; the coun- 
tenance is sallow, the general system sluggish, 
and there is usually much sleepiness. Anasarca 
is frequently connected with effusion into the 
abdomen and chest. 

Causes: Local anasarca may be produced, by 
whatever impedes the return of the blood from 
a part, as, indurated glands pressing on large 
veins, ligatures, &c. It arises also from mere 
general debility; diseases of the heart; phthisis, 
&c. 

General anasarca may result from hemorrhages, 
diarrhoea, diabetes, and other circumstances 
that rapidly exhaust the system. Observations 
of the manner in which these causes produce 
dropsy. Sudden suppression of perspiration, par- 
ticularly after scarlatina, measles, or while 
under the influence of mercury, a frequent 
cause of general anasarca. Dropsy from this 
cause always decidedly phlogistic. General 
anasarca may also result from the internal use 
of arsenic—from torpor of the kidneys—from 
amenorrhoea, general plethora, with a relaxed 
habit, chronic diseases, intestinal irritation, &c. 
Observations on the modus operandi of these 
causes. 

Proximate cause: A sub-inflammatory action 
of the exhalants of the cellular tissue, attended 
with increased exhalation, and diminished 
venous absorption. It appears to be probable, 
that congestion in the venous capillaries, per- 
forms an important part in the production of 
dropsical accumulations. This idea is dis- 
cussed, at length, in the lecture. 


ASCITES 


Abdominal Dropsy: Its causes are sometimes 
local, at others general. ‘The local causes are 
such as impede the circulation through the 
portal system of vessels among which, visceral 
indurations, particularly of the liver and spleen, 
are the most common. Dr. Ayre denies that 
visceral obstructions produce dropsy; they 
notwithstanding frequently do so. The most 
common general cause of ascites, is cold, either 
generally or locally applied. When the result 
of this cause, its character is always conspicuously 
inflammatory; the blood usually exhibiting the 
buffy coat; the skin being dry and hot; the 


pulse frequent and tense, and the urine loaded 
with serum. Ascites is seldom wholly free from 
anasarca. Intestinal irritation, sometimes gives 
rise to abdominal dropsy. It occurs as the 
sequel of peritonitis. Dizagnosis. 

Proximate cause: A morbid action of the 
exhalants of the peritoneum, attended with 
capillary congestion, and diminished absorption. 


HYDROTHORAX 


Serum effused into the cavity of the thorax. 
It is characterized by the following: 

Symptoms: Oppression in the chest; difficult 
respiration, particularly when lying down, or 
ascending heights; dry cough; a sense of 
suffocation, when in a recumbent position; 
sudden starting during sleep; pulse inter- 
mitting, or irregular; thirst considerable; 
urine scanty; oedema of the feet; a pale 
bloated countenance, &c. Divided into sympto- 
matic and idiopathic. ‘The first arises from 
organic affections, the latter from general causes. 

Causes: Organic affections of the heart. 
When from this cause, the effusion occurs on 
both sides. Chronic pleuritis, a frequent cause of 
hydrothorax. It may also result from a tuber- 
culous state of the pleura, and even from struc- 
tural disease of the stomach and liver. This is 
by far the most frequent variety of hydrothorax, 
and is almost always incurable. 

Idiopathic hydrothorax, is of very rare occur- 
rence, and generally easily cured. ‘The effusion 
almost always occurs only on one side, that side 
becoming sometimes considerably enlarged, by 
the pressure of the fluid. 

General plethora, predisposes to hydrothorax; 
particularly in persons who have passed the 
middle period of life, and who indulge in the 
pleasures of the table, and use but little exercise. 

Diagnosis: A sense of suffocation on lying 
down, and on firm pressure on the abdomen, 
will generally distinguish it from mere organic 
disease of the heart. Percussion, produces a 
dull sound, and the stethoscope detects the absence 
of the respiratory murmur. 

Treatment: When the heart sympathizes with 
the primary local irritation, or with the morbid 
action of the capillaries from which the effusion 
occurs, blood-letting is an important remedy. 
It is indicated in all cases, in which there is 
tension and quickness of the pulse. Local 
bleeding, from the thorax or abdomen, recom- 
mended by Ayre, in hydrothorax and ascites. 

Diuretics are important remedies in hydropic 
diseases. Their operation is, however, rather 
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palliative than curative, that is, they evacuate 
the effused fluid, rather than correct the morbid 
action on which the effusion depends. In full 
and phlogistic habits, their operation is pro- 
moted by bleeding and cathartics. When the 
effusion is very extensive and the blood has been 
deprived of a great portion of its serum, copious 
draughts of water promote the operation of 
diuretics. ‘The mode in which diuresis removes 
dropsical effusions, explained. ‘The most useful 
diuretics in dropsy, are: squills, digitalis, 
tobacco, cantharides; acetate, nitrate and 
tartrate of potash; colchicum, wild carrot seed, 
erigeron heterophyllum and juniper berries. 

The squill is the best diuretic in hydrothorax. 
It is best adapted to cases in which the urine is 
very scanty, high coloured, and sedimentous, 
and not attended with much febrile excitment. 
Its virtues are much enhanced, by giving it in 
union with calomel, especially in hydrothorax. 
Very advantageously combined with digitalis 
and nitre. The reason why calomel and 
squills, in combination, are more beneficial in 
hydrothorax, than in the other varieties of 
dropsy, are three-fold; ‘‘1. absorption; 2. 
diuresis; 3. determination to the glands of the 
mouth and throat, causing a derivation from the 


vessels of the pleura.” 


Digitalis: Some greatly extol its virtues in 
dropsy, others speak lightly of it. It does not 
appear to do much good, in subjects of a tense 
fibre, and robust habits of body. In persons of 
a contrary habit, with a pale countenance, cold 
skin, and weak pulse, it often proves decidedly 
beneficial. (Withering, Maclean.) Digitalis is 
the best diuretic in dropsies following scarlatina. 
It is almost always beneficial, when the urine 
is coagulable by heat, small in quantity, some- 
what turbid, and depositing a branny sediment, 
when cold. (Blackall.) It almost always fails 
to do good, when the urine, though serous, is 
pale, crude, and without sediment. It is 
generally given, in combination with squill or 
calomel. I prefer giving it in union with 
nitre and calomel. In feeble habits it may be 
advantageously combined with opium. 

Cantharides, more particularly useful in ana- 
sarca, after scarlatina. (Ferriar.) Nitre is an 
excellent remedy, when the febrile excitement 
runs high. Diuretic drinks, such as infusion of 
juniper berries, wild carrot seed, &c. should be 
freeely allowed. 

Cathartics: Valuable remedies in ascites and 
anasarca—not so in hydrothorax. ‘Their modus 
operandi explained. The articles of this class, 
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most beneficial, are: tartrate of potash; ela- 
terilum; gamboge, &c. Of these, the tartrate 
of potash is both the safest and the most useful. 
I have employed the following cartharo-diuretic 
composition, with more uniform and prompt 
advantage, than any other article, or combina- 
tion of articles, I have ever tried. R. Tart. 
potas. Jiss. Sulph. potas. 3ss. Pulv. Scillae, 
3ij. Tart. Antimonii, gr. ij. Dose, a_ tea- 
spoonful, four or five times daily. This rarely 
fails to excite very copious watery stools, and at 
the same time, free diuresis. It is particularly 
useful in ascites. I have generally derived 
much more benefit from gamboge, than from 
elaterium. It may be advantageously com- 
bined with cream of tartar, in the proportion of 
2 grains of the gamboge, to 30 to the latter 
article, repeated every three or four hours. It 
produces copious watery stools. 

Mercury is a remedy of valuable powers in 
hydropic diseases. Generally given in union 
with diuretics, particularly squills and digitalis. 
Should be given until the mouth is slightly 
affected by it. Relaxed and scorbutic habits, 
inimical to its beneficial influence. Especially 
valuable, where there is organic disease of the 
liver. 

Sulphuret of Iron: 1 have seen much good done 
by this article, in cases attended with a relaxed 
and very debilitated state of the system; par- 
ticularly in the anasarca of females, from ex- 
cessive sanguineous discharges. It acts as a 
powerful diaphoretic, as well as tonic. 

Diaphoretics, are indicated, when the disease 
is the consequence of suppressed perspiration 
from cold. Antimonials, in such cases, «act 
beneficially. 

Blisters, and rubifacients, to the chest or 
abdomen, in hydrothorax and ascites are 
strongly recommended by Ayre. I have seen 
much good derived from a blister over the 
abdomen, in a case of ascites. Tapping... 


* * * 


AUTHOR’s COMMENT ON EBERLE’s “‘NOTES”’ 


As Eberle’s preface indicates, the book is an 
outline of his lectures. It was published in 
order to obviate note-taking, to which Eberle 
objected because it distracted the students’ 
attention from the discourse. 

The description of angina pectoris is laudably 
clear and accurate. Eberle recognized that a 
variety of lesions, or none, might-be found at 
autopsy. For this reason he subscribed to the 
common opinion that the basic cause was 
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irritation of the cardiac nerves. For treatment 
of the paroxysm he advocated bleeding, opium, 
hyoscyamus and rest in bed. On the score of 
prevention he mentions a bewildering list of 
drugs which had been recommended by various 
authorities. Contrary to the correct teaching 
of Heberden, Eberle states that all kinds of 
spirituous drinks are injurious. 

Eberle used the word dropsy as a general 
term to include anasarca, ascites and hydro- 
thorax. He recognized that dropsy is not an 
independent disease. At the same time he 
confused inflammatory and noninflammatory 
edema. He knew that in postscarlatinal dropsy 
the urine contains albumen (“‘serum’’). 

He recognized that local swelling might be 
produced by local impediment to venous flow 
as well as by diseases of the heart. General 
anasarca might result from various disturbances 
including hemorrhage, diarrhea and, interest- 
ingly enough, diabetes. An additional cause is 
the sudden suppression of perspiration; this 
belief perhaps is a survival of ancient humoralism. 


The section on hydrothorax is especially 
interesting to both the clinician and the medical 
historian. Eberle states succinctly that in 
hydrothorax percussion produces a dull sound 
and the stethoscope detects the absence of the 
respiratory murmur. In other words, per- 
cussion and auscultation were regularly men- 
tioned in the lectures given to students at 
Jefferson as early as 1827, only eight years after 
Laennec’s first edition. 

The treatment of hydrothorax as described 
by Eberle consisted of bloodletting and the use 
of diuretics. ‘The latter include squills, digi- 
talis, tobacco, cantharides, potassium salts and 
other drugs. Of these medicines Eberle con- 
sidered squills the best. It might be given in 
combination with calomel, digitalis or potas- 
sium. He considered digitalis to be of un- 
certain reliability but most useful in post- 
scarlatinal dropsy, when the urine was scanty 
and was coagulable by heat. Cathartics were 
believed to be more valuable in ascites and 
anasarca than in hydrothorax. 
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Idiopathic Enlargement of the Right Atrium’ 


BERNARD H. Pastor, M.D. and ANTHONY L. ForTE, M.D. 


THE increased incidence of recogni- 
tion of unusual forms of heart disease, there 
remain many cases in which the etiology is ob- 
scure. Among these is “idiopathic”? cardiac 
enlargement, usually involving the left ventricle, 
the whole heart'~* or, sometimes, the right 
side of the heart. Three patients with massive 
enlargement cf the right atrium but without sig- 
nificant enlargement of the rest of the heart have 
been observed. The etiology of the enlarge- 
ment is not known and this may be an unusual 
congenital malformation. 


CaAsE REPORTS 


Case 1. A 25 year old man, who had been 
asymptomatic and in apparently excellent health, 
was admitted to the Philadelphia Veterans Ad- 
ministration Hospital on December 8, 1955 because 
of an abnormal cardiac silhouette discovered on a 
routine pre-employment roentgenogram of the chest. 
Review of the army induction films of this subject 
taken in October 1941 showed the same cardiac 
configuration. 

Physical examination revealed no significant ab- 
normality. All routine laboratory studies were 
within normal limits. Electrocardiograms revealed 
slight flattening of some of the T waves and frequent 
atrial premature beats with aberrant ventricular 
conduction (Fig. 1A). 

Roentgenologic examination disclosed an unusual 
cardiac silhouette with enlargement to the right 
(Fig. 2). The possibility that this represented a 
cardiac chamber was considered, but careful exami- 
nation of the films convinced most observers that the 
abnormal contour was more likely due to a pericardial 
cyst or a tumor mass adjacent to the heart. On 
fluoroscopic examination the lesion did not appear to 
pulsate. In a planigram it could not definitely be 
separated from the heart, but its lobular appearance 
and encroachment on the right lower lobe bronchus 
were thought to suggest neoplasm (Fig. 3). A small 
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Philadelphia, Pennsylvania 


* From the Medical Service, Veterans Administration Hospital, Philadelphia, Pennsylvania. 


rounded density was present in the right midlung 
field. 

Angiocardiography was not performed because the 
conventional studies seemed to indicate that the ab- 


normal bulge was not a cardiac chamber. Explora- 
tory thoracotomy without further delay was recom- 
mended because of the possibility of neoplasm. 

Operative Findings: At operation a markedly en- 
larged and dilated right atrium and right atrial 
appendage were found. The right ventricle was 
thought to be slightly enlarged but the other cham- 
bers were not remarkable. ‘There were no thrills 
over the heart or the great vessels. ‘The distribution 
of the pulmonary veins, venae cavae and azygos 
veins appeared normal. Cardiotomy was performed 
and exploration of the right cardiac chambers re- 
vealed a flexible, competent tricuspid valve, no ab- 
normal communications and no evidence of pulmonic 
or infundibular stenosis. Blood samples from the 
right atrium and right ventricle showed no increase 
in oxygen content over blood from the superior vena 
cava. A small irregular nodular lesion in the superior 
segment of the lower lobe of the right lung was re- 
sected and the presence of enlarged hilar lymph nodes 
compressing the right lower lobe bronchus was noted. 

Microscopic examination of the atrial appendage re- 
vealed hypertrophy of muscle fibers. The resected 
pulmonary nodule was a granulomatous lesion com- 
patible with tuberculosis. 

A follow-up examination 5 years later showed no 
other evidence of heart disease and the subject’s 
electrocardiogram was within normal limits (Fig. 
1B). 


Comment: This patient was completely 
asymptomatic and had no clinical, electrocardio- 
graphic or hemodynamic evidence of heart dis- 
ease. The cardiac pathology apparently was 
limited to the unusual right atrium, which 
showed both dilatation and hypertrophy in- 
volving chiefly the atrial appendage. 
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Fic. 1. Case 1. A, electrocardiogram taken on December 20, 1955, showing frequent atrial premature beats with 
aberrant ventricular conduction and slight flattening of some of the T waves. B, normal electrocardiogram taken on 


October 19, 1960, 5 years after exploratory cardiotomy. 


A 


Fic. 2. Case 1. Teleoroentgenograms of chest. A, posteroanterior projection showing prominent bulge on right border 


of heart. Remainder of cardiac silhouette is not remarkable. 


Note small rounded density in right midlung field. B, 


right anterior oblique projection. C, left anterior oblique projection. 


Case 2. A 21 year old man was first studied for 
heart disease during military service in 1951, after 
the discovery of a heart murmur. No specific diag- 
nosis was established. Following his separation from 
the Army in 1952, he was asymptomatic until 
January 1954, at which time he was admitted to the 
Philadelphia Veterans Administration Hospital with a 
history of pain and swelling in the left foot of 4 days’ 


duration, and dyspnea, cough and pain in the chest 
of 3 days’ duration. 

On admission, a marked pectus excavatum and 
pigeon breast deformity were noted. ‘There was a 
pleural friction rub on the left anteriorly, a soft 
apical systolic murmur was heard, and there was 
tenderness of several joints, without redness or swell- 
ing. Leucocytosis and an increased erythrocyte 
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Fic. 3. Case 1. Posteroanterior planigram at 10 cm. 
from table top showing irregular lobulated mass in- 
separable from right cardiac border. Note small 
rounded density in right midlung field and compression 
of right lower main bronchus. 


sedimentation rate were present. Two elevated 
antistreptolysin titers of 384 and 786 Todd units were 
reported on admission and a month later and the 
streptococcal antihyaluronidase titer on both oc- 
casions was 512. 


Electrocardiograms revealed partial A-V heart block, 
the maximum duration of P-R intervals reaching 
0.46 second (Fig. 4A). Transient abnormalities of 
the T waves were observed in serial records. The 
pattern showed progressive improvement to a normal 
configuration during his hospital stay (Fig. 4B). 

Roentgenologic examination of the heart revealed no 
gross cardiac enlargement, but an unusual cardiac 
silhouette was present with a prominent bulge an- 
teriorly and to the right (Fig. 5). The thoracic cage 
was deformed. Fluoroscopically the border showed 
pulsations synchronous with atrial contraction, but it 
could not be determined whether the atrium was en- 
larged or displaced by another chamber. Reference 
to records of previous hospitalization showed that 
this unusual cardiac silhouette had been noted pre- 
viously. After study it had been concluded that it 
represented either a pericardial cyst or deformity 
due to adhesions from pleural disease in childhood. 
During the same hospitalization a bronchoscopic 
examination had shown a congenital anomaly of the 
right bronchial tree. 

Course: A diagnosis of acute rheumatic fever was 
made, the patient was treated with salicylates and 
bed rest and after discharge a program of prophy- 
lactic penicillin therapy was instituted. He was seen 
again in 1959 for an acute exacerbation of chronic 
otitis media and acute tonsillitis. After recovery a 
tonsillectomy was performed. At this time attention 
was again directed to the deformed thoracic cage 
and to the bizarre configuration of the cardiac sil- 


Fic. 4. Case 2. 


V5 


A, electrocardiogram taken on January 25, 1954, showing marked prolongation of P-R interval. B, 


electrocardiogram 2!/, months later (April 5, 1954) showing A-V conduction within normal limits. 
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A B 


Fic. 5 A and B. Case 2. Teleoroentgenogram of chest. A, posteroanterior projection showing prominent bulge on 
right border of heart. B, right anterior oblique projection. 


houette, which was unchanged since 1954. The first 
ribs were hypoplastic, and an anomalous configura- 
tion of the sternum was described, with an angulation 
of approximately 160° between the manubrium 
sterni and the gladiolus. A skeletal survey for other 
anomalies revealed slight scoliosis in the cervico- 
dorsal region, accessory carpal bones adjacent to the 
ulna, and similar bony densities lateral to the elbow 


Fic. 5D. Left lateral projection showing the deformity 
Fic. 5C. Left anterior oblique projection. of the chest wall. 
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Fic. 6. Case 2. Angiocardiograms. A and B, posteroanterior angiocardiograms at 1 second and 2 seconds showing 


opacification of right cardiac chambers. 


Right atrium is markedly enlarged, particularly the atrial appendage. 


C and D, left anterior oblique angiocardiograms at 1 second and 2 seconds demonstrating large right atrium. The 
atrial appendage is particularly well seen in the 2 second film. 


joints. The electrocardiogram was still within normal 
limits except for some prominence of P waves with 
no prolongation of the P-R interval. 

An angiocardiogram (Fig. 6) revealed an enlarged 
right atrium with an exceptionally prominent atrial 
appendage and some thickening of the wall. The 
right ventricle, pulmonary arteries, left atrium and 
left ventricle were normal. It was concluded that 
the subject had a congenital anomaly of the right 
atrium, and the presence of several other congenital 
malformations confirmed this impression. 


Comment: Although this patient had acute 
rheumatic fever in 1954, there was no anteced- 
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ent history of rheumatic fever or rheumatic 
heart disease. The deformity of the cardiac 
silhouette was known to be present in 1951, at 
which time the only other abnormal cardiac 
finding was a soft, nondescript systolic murmur. 
Several other congenital malformations were 
present. 


Case 3. A 45 year old nurse had an unusual 
cardiac silhouette discovered on a routine roentgeno- 
gram of the chest (Fig. 7). The principal abnormality 
was a prominent bulge on the upper border of the 
right side of the heart, which had been attributed to an 
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A 
Fic. 7. 


Case 3. Teleoroentgenograms of chest. 


B Cc 


A, posteroanterior projection showing prominent bulge on right 


border of heart. B, right anterior oblique projection. C, left anterior oblique projection. 


*‘adhesion”’ deforming the border of the right atrium. 
Fluoroscopically the area in question showed expan- 
sile pulsation and could not be separated from the 
rest of the cardiac silhouette. She was asymptomatic, 
cardiac examination was not remarkable, and the 
electrocardiogram was within normal limits. 

She refused to submit to any further studies, but the 
striking similarity to the cardiac silhouette in Case 2 
is apparent. 


Comment: Although no definitive studies 
were performed, the roentgenologic findings 
strongly suggest that the pathology is similar to 
that of the other two cases in which more ac- 
curate identification was possible. 


CoMMENTS 


The subject of idiopathic cardiac hypertrophy 
has been reviewed at length by Rosenbaum.’ 
Most of the reported cases either involved the 
left ventricle or showed diffuse cardiac en- 
largement. Idiopathic hypertrophy of the right 
side of the heart alone is rare, and in all of the 
reported cases the right ventricle and pulmonary 
arteries were enlarged. The electrocardiograms 
always showed a right axis deviation or right 
ventricular hypertrophy and all of the patients 
had significant cardiac symptoms. In the cases 
reported here the enlargement was chiefly of the 
right atrium, with normal electrocardiograms 
not reflecting any right ventricular preponder- 
ance. 

The diagnosis of idiopathic hypertrophy has 
generally been made by the exclusion of all other 
possible causes for hypertrophy. It is quite 
likely that in many cases some obscure or yet 
unrecognized etiologic factor may exist. Rosen- 


baum‘ lists numerous hypotheses which have 
been advanced to account for idiopathic cardiac 
hypertrophy, including congenital anomalies, 
abnormal infiltrations of the heart, infections, 
metabolic disorders, diseases of other organs or 
systems and transient overloading of the heart 
with subsequent hypertrophy. Many of these 
etiologic factors can be excluded in the study of 
the individual patient and others are difficult to 
document. 

Investigation of other similar cases with de- 
tailed hemodynamic studies may cast further 
light upon the subject. In the absence of evi- 
dence of such a hemodynamic abnormality, with 
no inflammatory process in the one resected 
atrial appendage, and without symptoms of an- 
tecedent heart disease, we consider a congenital 
abnormality of the atrium the most tenable diag- 
nosis in our patients. 


SUMMARY 


Three cases of apparently massive isolated 
enlargement of the right atrium have been ob- 
served. A congenital malformation seems the 
most likely explanation in this series of cases. 
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Rudimentary Left Coronary Artery” 


NANETTE Kass WENGER, M.D. and ROBERT J. PEACE, M.D. 


Atlanta, Georgia 


ARELY Is an anomaly of the coronary 
R arteries suspected clinically in an es- 
sentially asymptomatic infant. During a study 
of the electrocardiograms of premature infants, 
an abnormal record suggested this diagnosis. 


CASE REPORT 


M. B. was a 900 gm. premature Negro male infant, 
with an estimated gestational age of 26 weeks. He 
was the product of an unsterile precipitous delivery. 
The infant was resuscitated by bulb suction after a 1 
minute period of apnea. His condition at birth was 
fair, with a weak cry and a good heart beat. The 
mother was a 37 year old gravida VI, para V, abor- 
tus O, type O Rh+-, VDRL negative; she had mild 
pre-eclampsia during this pregnancy. Two days 
prior to delivery she was admitted to the Grady 
Memorial Hospital for moderate, asymptomatic 
vaginal bleeding. 

Physical examination of the infant on admission to the 
premature nursery showed him to have good color, 
some irregularity of respiration and moderate inter- 
costal retraction. The lungs were fairly well aerated 
and cardiac examination was unremarkable. 

During the first 24 hours of life the infant was in 
satisfactory condition in an Isolette with 35 per cent 
oxygen; penicillin and streptomycin were adminis- 
tered as prophylaxis. A routine electrocardiogram 
(Fig. 1) taken during the first 24 hours of life showed a 
left bundle branch block pattern and no evidence of 
atrial activity. The diagnosis of an anomaly of the 
coronary arteries was suggested. On the second day 
of life he became cyanotic, with barely perceptible 


Fic. 1. 
of atrial activity, and a left bundle branch block pattern. 


respiration. He was placed in a Bloxom respirator 
and caffeine was administered without apparent 
effect; the infant died 18 hours thereafter. 

Postmortem examination showed the significant pathol- 
ogy to be confined to the cardiopulmonary system. 
The heart weighed 2 gm., and the atria, ventricles 
and valves appeared normal. ‘There was a patent 
foramen ovale and a patent ductus arteriosus. On 
gross examination, the coronary ostia were not 
remarkable and there was agenesis of the anterior 
descending branch of the left coronary artery; the 
circumflex branch of the left coronary artery was 
atretic, terminating 10 mm. from its origin (Fig. 2). 
The lungs showed atelectasis neonatorum. 

Histologic examination of the myocardium showed 
rudimentary left coronary vessels, despite their 
absence on gross inspection. ‘There were multi- 
centric foci of ischemic injury—petechial hemorrhages 
into the myocardium and fragmentation of myo- 
cardiocytes with dissolution of the finer cytoplasmic 
structure (Fig. 3). Little difference was noted be- 
tween the changes in the right and left ventricles, 
although these changes were best developed in the 
right ventricle. 


COMMENTS 


Gray’s! description of coronary artery anoma- 
lies best summarizes the approximately 100 
cases of this condition reported in the literature: 
“The left coronary artery or its descending 
branch may arise from the left pulmonary 
artery, supplying the left ventricle. This 
anomaly can be diagnosed clinically and usually 


TTT 
ave AVE 
4 
. 


Electrocardiogram taken on the first day of life, showing no evidence 


*From the Departments of Medicine and Pathology, Emory University School of Medicine, and the Pediatric 


Service, Grady Memorial Hospital, Atlanta, Georgia. 
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Fic. 2. Agenesis of the anterior descending branch of the left coronary artery 
and atresia of the circumflex branch of the left coronary artery in a heart 


weighing 2 gm. 


Fic. 3. 


Myocardium, showing focus of ischemic injury 
(original magnification, X 230). 


leads to death in infancy. Rarely both 
coronaries arise from the pulmonary artery. 
Single coronary arteries have been described. 
The left coronary may be a branch of the right 
or both arteries may arise in the same aortic 


sinus. ‘There may be three coronary arteries, 
the accessory supplying part of the branches of 
either artery.’”’ Gould? lists no additional 
variations of the coronary arteries. We know 
of no previously reported case of a rudimentary 
left coronary artery. 


SUMMARY 


A rather unique cardiac anomaly, a rudi- 
mentary left coronary artery, has been described, 
with electrocardiographic and pathologic corre- 
lation. The presence of left bundle branch 
block was an important clinical sign. The car- 
diac anomaly was the presumptive cause of 
death. 
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Diagnostic Shelf 


Electrocardiographic Changes Noted at the 
Onset of Coronary Occlusion and 
Myocardial Infarction’ 


LAWRENCE E. LAMB, M.D., F.A.C.C. 


Brooks Air Force Base, Texas 


NLY ON rare occasions is there an oppor- 
O tunity to record electrocardiographic ob- 
servations at the very onset of coronary occlusion 
and myocardial infarction. Such an occasion 
was presented when one of my colleagues sus- 
tained an acute myocardial infarction the day 
following an annual physical examination. 
The findings were of sufficient interest to 
prompt this report. 


CaAsE REPORT 


Day Prior to Attack: ‘This 54 year old physician pre- 
sented himself for annual physical examination. He 
was asymptomatic with the exception of occasional 
cramps in the calves of both legs observed following 
unaccustomed physical activity. Physical examina- 
tion revealed a healthy-appearing white man, 67 
inches tall, weighting 169 pounds. The blood pres- 
sure was 116/72 mm. Hg and the pulse was 60 per 
minute and regular with occasional premature con- 
tractions noted. Absence of pulsations of both dor- 
salis pedis pulses were noted. ‘The posterior tibial 
pulsations were good. There were no other significant 
findings. The x-ray film of the chest was within 
normal limits. A routine twelve lead electrocardio- 
gram was normal with the exception of one ven- 
tricular premature contraction (Fig. 1). 

First Day of Illness: The following morning at 
9:30 a.m. the patient felt substernal pressure and 
began sweating. He entered my office which was 
close by and stated that he felt that he was having 
angina. On noting the patient’s general appearance 
and the sweat on the brow, it was assumed that the 
episode probably represented more than simple 
angina, particularly because no previous anginal dis- 
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Fic. 1. One day before attack. A normal electro- 
cardiogram, essentially unchanged from previous annual 
tracings obtained for 15 years. A rudimentary r wave 
is present in lead m1. There is one ventricular premature 
contraction recorded simultaneously in leads aVR, aVL 
and aVF. 


* From the School of Aviation Medicine, USAF Aerospace Medical Center (ATC), Brooks Air Force Base, Texas. 
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Fic. 2. Record obtained at the onset of infarction. Four leads are recorded simultaneously (top to bottom). A, minor 
changes in the S-T segment, T waves and QRS complex. B, almost instantaneously progressive elevation of the S-T 
segments in leads 11 and 111. C, leads aVR, aVL and aVF show compatible changes. The T wave in V;, is inverted. 
D, progressive changes in the S-T segment. Lead V2 shows significant S-T segment depression. E-H, persistent S-T 
segment changes with S-T depression in the precordial leads. 


comfort had ever been observed by the patient. ventricular conduction (Fig. 3). Because of the 
By this time he complained of mild discomfort in serious implications of periods of bradycardia in the 
the left arm as well as in the chest. The blood pres- face of acute myocardial infarction, atropine, 0.6 
sure was 120/80 and the pulse was 64 per minute. mg., was given intravenously. After this initial dose, 
The cardiac sounds were unchanged. An electro- the atropine was repeated by intramuscular injection 
cardiogram taken immediately on a four channel re- whenever the cardiac rate dropped to 60 or below. 
corder showed minimal changes in the S-T segment. Within the first 24 hours 4.8 mg. of atropine were re- 
As the recording continued, marked S-T segment quired to maintain the pulse rate at the desired 
changes developed rapidly (Fig. 2). By the time level. The blood pressure remained relatively nor- 
the routine twelve lead electrocardiogram had been mal, dropping as low as 98/64 mm. Hg. 
completed, a marked change in the S-T segments in Second Day: ‘The electrocardiogram showed marked 
the three standard limb leads had occurred. The evolution of the acute infarction pattern with almost 
changes were consistent with an injury current of the ~ complete disappearance of S-T segment elevation 
inferior and posterior wall of the myocardium. (Fig. 4). The cardiac rate was 75 per minute and 
The patient was transferred immediately by regular. ‘The serum transaminase was 237 units. 
stretcher to the hospital which was located next door. Atropine was discontinued and Banthine® 50 mg. 
Initial laboratory studies demonstrated a white blood every 6 hours was administered. : 
cell count of 13,400 per cu. mm. with 63 seg- Third Hospital Day: The patient was asymptomatic. 
mented cells; hemoglobin, 15.3 gm. per 100 ml.; The serum transaminase was 110 units. The electro- 
erythrocyte sedimentation rate, 13 mm. per hour; cardiogram showed further leftward rotation of the 
transaminase, 25 units; blood sugar, 121.6 mg. per T vector with further inversion of the T wave in 
cent; prothrombin time, 15 seconds. ‘The discom- lead u. The S-T segments had returned nearly to 
fort in the chest was easily controlled with minimal the baseline and this particular electrocardiographic 
amounts of morphine. At 2:00 p.m. periods of pattern remained unchanged from that date. 
marked bradycardia were noted and the electro- Subsequent Course: There was no other change in 
cardiogram at that time showed transitory periods the patient’s condition. ‘The serum transaminase 
of slowing of the cardiac rate to 30 per minute. rapidly dropped to 30 units. After 6 weeks of 
Further evolutionary changes in the electrocardio- hospitalization and gradual ambulation he was re- 
gram were also noted including a change in QRS turned to his home for convalescence. 
configuration compatible with a change in intra- After a suitable period of convalescence he resumed 
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Fic. 3. Several hours later. Lead 1 shows a period of sinus bradycardia with 


the beat to beat rate dropping as low as 25 beats per minute between the first 


two complexes. 


The duration of the QRS complex is within normal limits 


but it is definitely increased over the duration in the preinfarction record. 
Note the blunting of the apex of the R wave in leads 1, m1 and aVF and the 


development of Q waves in those leads. 


The high take-off of the S-T segment 


is not nearly so marked as noted at the onset of infarction. 


the full activities of his professional life without com- 
plications. The cardiac size on x-ray film showed 
no changes before and after myocardial infarction. 
Although he is a vigorous man with a keen interest 
in outdoor sports and activities, he has never ex- 
perienced anginal discomfort. Over 4 years have 
elapsed since the initial episode of acute myocardial 
infarction during which time his only regimen has 
included recommended weight reduction, regular 
physical activity and no medications. 


COMMENTS 


S-T Changes at Onset of Infarction: There 
are several interesting features to this case. 
By virtue of the electrocardiogram recorded the 
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day prior to the onset of infarction and the 
normal transaminase level recorded at the 
onset of the attack, the actual time of occurrence 
of coronary occlusion can be relatively well 
pinpointed. It is of some interest that the 
electrocardiographic changes noted consisted 
primarily of S-T segment changes at the onset of 
occlusion. This is somewhat at variance with 
the classic concept of T wave changes followed 
by S-T segment and QRS changes. It should 
be recalled that the classic experimental 
approach to ligation of the coronary arteries is 
not necessarily analogous to the course of 
events to be encountered during clinical in- 
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Fic. 4. A, second day. The routine electrocardiogram shows a rather stable 
pattern. The S-T segment changes are nearly gone. B, third day. The rou- 
tine electrocardiogram presents stable pattern. The complete evolution of 
the electrocardiographic changes occurred within 3 days. C, 4 years after 
infarction. The record is unchanged with the exception of rotation of the T 
vector (T in lead 1 is now upright). 


Fic. 5. Vectorcardiograms (frontal plane). A, preinfarction vectorcardiogram. 
B, postinfarction vectorcardiogram. 


farction.! The changes noted during the acute in the leads in which they are expected to be 
infarction suggest that more attention should be _ negative at the onset of acute myocardial 
given to the S-T segment changes of acute infarction; however, very little attention has 
myocardial infarction than has been noted in _ been given to the acute changes of the S-T 
the past. It has previously been well docu- —segments.?~* 

mented that T waves may be strongly positive Another interesting feature in the electro- 
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cardiographic picture in this case is the rapid 
subsidence of the elevation of the S-T segments 
and with their disappearance the expected 
inversion of the T wave was noted. The elec- 
trocardiogram became stable very early in the 
course of the acute illness. 

Intraventricular Conduction Disturbance: A third 
feature of some interest is the development of 
an obvious intraventricular conduction defect 
which can only be ascertained with certainty by 
comparing the infarction record to the pre- 
infarction record obtained at the time of annual 
physical examination. This suggests the pos- 
sibility that the Q wave changes of inferior 
wall myocardial infarction may be related to 
an abnormality in conduction rather than 
specifically to an area of significant myocardial 
necrosis. The rapid rise and fall of the trans- 
aminase determinations parallel but follow the 
rapid rise and quick subsidence of the S-T 
segments. 

A vectorcardiogram recorded the day prior to 
the infarction and a subsequent one obtained 
in the postinfarction period provided an 
opportunity for comparison of serial changes in 
the vectorcardiogram due to infarction (Fig. 5). 
The entire QRS loop was rotated in a counter- 
clockwise fashion in the frontal plane projection. 
The loop was deformed at its base, supporting 
the thesis that the infarction was located at the 
base of the ventricle. The T loop was altered 
in configuration and rotated upward. 

Bradycardia and Vagotonia: Still another fea- 
ture of clinical importance in this case is the 
observation of significant bradycardia at the 
time of myocardial infarction. Such reactions 
are the result of vagal reflexes, probably stimu- 
lated by ischemic areas in the myocardium. 
Vagotonic drugs are commonly used in treat- 
ment of myocardial infarction which include 
morphine and quinidine. Administration of 
vagolytic medications such as large doses of 
atropine as an acute measure and maintenance 
of vagolytic medications such as Banthine or 
Pro-Banthine® is indicated in the presence of 
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bradycardia. The relatively slow cardiac rates 
usher in the opportunity for serious ventricular 
arrhythmias or cardioinhibitory responses with 
circulatory shock. Their early recognition and 
treatment can be life-saving. Larger doses of 
atropine than given in this case can be used. 
In this case it was elected to give relatively 
moderate doses at frequent intervals. There is 
some evidence to support the thesis that atro- 
pine-like drugs augment coronary circulation 
in the presence of coronary occlusion.‘ 


SUMMARY 


A case of acute myocardial infarction demon- 
strating the early onset of the evolutionary 
changes in the electrocardiogram with some 
unusual features has been presented. An 
electrocardiogram was recorded one day prior 
to myocardial infarction. The onset of pain 
in the chest was associated with the rapid 
development of marked S-T segment changes. 
The progressive development of the changes 
was recorded at the onset of pain in the chest. 
A change in intraventricular conduction re- 
sulting in an inferior wall infarction pattern 
could be detected by comparing the serial 
changes with the pre-infarction record. Marked 
sinus bradycardia also occurred during the 
first day of illness. Comments relative to the 
management of the bradycardia associated 
with acute myocardial infarction are included. 
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Seminar on the Role of Salt in 
Cardiovascular Hypertension (Part I) 


Foreword 


fhe CONTENTS of this seminar represent the proceedings of a symposium on “The 
Role of Salt in Cardiovascular Hypertension” held at the College of Medicine 
of The University of Florida on January 19, 20 and 21, 1961. It was the aim 
of this symposium to cover thoroughly a restricted area of the field of cardiovascular 
hypertension. The time seemed propitious for a discussion of the role played by 
salt in hypertension because a number of investigators have been able to induce 
hypertension when salt is given in excess quantities to experimental animals, 
Others have demonstrated that salt “‘sensitizes’’ rats‘ to the hypertensive effects of 
certain pressor agents such as desoxycorticosterone acetate or to the hypertension 
induced by a regenerating adrenal gland. Salt may or may not be a common 
denominator among the various types of hypertension but it cannot be denied that 
this agent alone is capable of producing hypertension whether administered in food 
or in drinking water. It seems certain that a better understanding of the physiologic 
function of sodium and the other inorganic ions of the body is necessary before 
an understanding of the etiology of hypertension will be possible. 

A program of this kind could not be planned and executed without financial 
support. This was generously provided by the Merck Sharp and Dohme 
Postgraduate Program. 

Encouragement and administrative support were given without reservation at 
every level of the university. Many of my colleagues contributed generously of 
their time. I am particularly grateful to Drs. Arthur B. Otis, Wendell N. Stainsby 
and Lamar Crevasse. 


MELvIN J. FREGLY, PH.D., Guest Editor 
Department of Physiology 

College of Medicine 

University of Florida 
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Changes in Blood Pressure and Body Sodium 
of Rats Fed Sodium and Potassium Chloride’ 


GeorGE R. MENEELY, M.D., F.A.C.C., JANET LEMLEY-STONE, PH.D. and WILLIAM J. DARBY, M.D., PH.D. 


Nashville, Tennessee 


HERE ARE innumerable references to salts of 
f gers and potassium in the ancient litera- 
ture. As long as 4,000 years ago a Sumerian 
physician, in a baked clay tablet, recommended 
inclusion of potassium nitrate in a number of 
prescriptions.’ Scientific knowledge of sodium 
and potassium cannot, however, antedate the 
first decade of the nineteenth century for it 
was in that decade these were first recognized 
as elements by the electrochemical researches 
of Sir Humphrey Davy. For long in the 
medical literature it was customary to attribute 
to Schmidt and his work on cholera? about 
1850 the first research on sodium in medicine. 
Gamble’ in 1953, however, was able to show 
that that honor belonged to one W. B. 
O’Shaughnessy, M.D., who published in 1831 
the first treatise on the subject.‘ 

Chapman® has traced the history of these 
matters to the earliest known reference to a fall 
in elevated blood pressure when sodium chloride 
was withheld to Ambard and Beaujard in 1904. 
Perhaps one should mention Wallace’s® address 
to the London Vegetarian Society in 1893. 
Dr. Priddle was kind enough to make a copy 
of this magnificent document available to 
us. Certainly, one should also mention Von 
Bunge’s’ studies of the sodium-potassium inter- 
relationship during the last half of the nineteenth 
century. Much thought was then given to 
the difference between the carnivorous diet and 
the herbivorous diet as to their relative and 
absolute amounts of sodium and potassium. 
The real difference was determined by direct 
chemical analysis in 1843. It had, prior 
to that, been supposed the herbivores went to 
salt licks to get extra sodium chloride and the 
carnivores obtained their salt from the herbi- 


vores. In fact, there is just as much sodium in 
the herbivorous diet as in the carnivorous but 
there is a tremendous difference in the potassium 
content. A carnivore gets perhaps four or 
five times as much potassium as sodium in his 
diet while an herbivore gets twelve to twenty 
times as much. It was speculated that the 
real reason the herbivore sought out salt licks 
was to obtain some extra sodium to balance his 
high intake of potassium. The _herbivore- 
carnivore-salt lick matter has been discussed, 
investigated and rediscussed so many times and 
so much it is a stale affair indeed. Perhaps the 
less said about it the better. We should not 
pass beyond it, however, without recognizing 
that, in nature, there is a relatively small amount 
of sodium in any diet and that there is much 
more potassium than sodium in al/ natural diets. 
There is an extensive literature’ evidencing 
that many peoples have lived healthy lives for 
generations without adding sodium chloride 
to their food and the low human need for 
sodium has been amply shown experimentally, 
as I am sure Lewis Dahl will bring out in his 
presentation in this seminar. 

Perhaps the next step was Allen’s recom- 
mendation® in 1920 that salt be withheld from 
patients with hypertension. Verbal reports of 
Allen’s findings were known much earlier 
among practitioners near New York. The 
senior author’s father was a victim of hyper- 
tensive cardiovascular disease and he was 
treated by salt restriction. He died in 1922, 
the year of Allen and Sherrill’s report'® on the 
subject. The next move forward seems to 
be the observation of Priddle“ published in 
1931 that some patients with hypertension 
respond favorably to the administration of 
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potassium salts. Next come the fascinating 
investigations of Thompson and McQuarrie” on 
the effects of various salts on carbohydrate metab- 
olism and blood pressure in diabetic children. 

So far as we have been able to determine, the 
first animal experimental evidence of the role 
of salt in hypertension is the investigation of 
Grollman, Harrison and Williams at Vander- 
bilt University and Johns Hopkins reported in 
1940 showing that various sterols were hyper- 
tensigenic only if additional salt were provided 
in the diet. Selye, Hall and Rowley“ in 1943 
and Knowlton et al.'® demonstrated the effec- 
tiveness of desoxycorticosterone acetate in 
producing hypertension with the addition of 
extra sodium chloride. Lenel, Katz and Rod- 
bard'* produced hypertension in the chicken 
with hypertonic saline as the sole source of 
liquid as well as with 8 per cent sodium chloride 
feeding. Sapirstein, Brandt and Drury” in 
1950 did so with hypertonic saline in the rat 
and Fukuda" in the rabbit in 1951. 

Meanwhile, in the early 1940’s Kempner’ 
introduced the rice diet for treatment of hyper- 
tension. This diet should more properly be 
called the rice-fruit diet. It is not only low 
in sodium but also high in potassium. 

In 1951 we began our investigations showing 
extra dietary sodium chloride without limitation 
of fluid was hypertensigenic in the rat. We now 
know that Dahl had made similar investi- 
gations beginning at about the same time but 
pressure of other duties and his move from the 
Rockefeller Institute to Brookhaven prevented 
his publishing his observations. One of the earli- 
est studies of salt feeding in a normal human sub- 
ject was that of McDonough.”’ In this same 
year, 1954, Dahl and Love” published their first 
report on the relation of sodium intake to 
essential hypertension in human subjects. This 
was, we believe, the first human evidence that 
salt might be a cause of hypertension. 

The hypertension observed in human beings 
and experimentally induced hypertension in 
animals have often been linked with changes 
in tissue electrolyte and fluid compartments. 
Increases in extracellular volume or in tissue 
sodium have been reported in animals made 
hypertensive by various experimental pro- 
cedures.”—?7_ However, others have reported 
water and electrolyte concentrations within 
normal limits in tissues of animals with induced 
hypertension.” The exact relationship be- 
tween hypertension and alterations in electro- 
lyte metabolism remains unknown. 


We have studied*® the effects of high intakes 
of sodium chloride on the rat and have noted 
hypertension occurs rather consistently. The 
rise in blood pressure is proportional to the 
amount of dietary sodium chloride. If potas- 
sium chloride is added to diets containing large 
amounts of sodium chloride, some protection 
is afforded against the shortened life span and 
the hypertension of sodium chloride toxicity.*° 
A recent study revealed that total body sodium 
was increased in rats after eight months on 
diets containing high levels of sodium but 
animals fed diets containing equivalent amounts 
of sodium supplemented with potassium had 
normal amounts of body sodium and lower 
blood pressures. Since hypertension and in- 
creased body sodium existed in one group of 
animals whereas in the second group blood 
pressures were significantly lower and body 
sodium normal it was of interest to determine 
whether the hypertension and alteration in 
sodium developed concurrently. 

In these experiments blood pressure and 
exchangeable body sodium were measured in 
three groups of rats: controls, those fed 9.8 per 
cent sodium chloride, and those given 9.8 per 
cent sodium chloride with sufficient potassium 
chloride to maintain a dietary ratio of one. 
When significant elevation of blood pressure 
developed in the group fed 9.8 per cent sodium 
chloride, a final estimate of exchangeable sodium 
was made, the animals were killed, sodium 
was measured in muscle and heart, and total 
sodium measured in the carcass. 


METHODS 


Thirty day old male albino rats of the Sprague- 
Dawley strain were placed on the experimental 
diets and were kept in a constant temperature room 
(27°c.) with free access to distilled water. All 
animals received the same basal diet, the composition 
of which has already been described.” The only 
variable was the amount of sodium and potassium 
chloride. The contro] group was fed a diet containing 
1.1 per cent sodium chloride and 0.66 per cent potas- 
sium chloride; the dietary ratio of sodium to potas- 
sium was approximately one. The “high Na” group 
was fed a diet containing 9.8 per cent sodium chloride 
and 0.6 per cent potassium chloride; the dietary 
ratio of sodium to potassium was 13. The “‘high Na 
+ K” group received a diet containing 9.8 per cent 
sodium chloride and 6.1 per cent potassium chloride; 
the dietary ratio of sodium to potassium was one 
just as in the control group. 

Each group consisted of fifteen rats. Systolic 
blood pressure was measured at frequent intervals 
by the cuff method of Kersten, Brosene and Ablondi.* 
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lean body weight. 


Exchangeable body sodium was determined in 
ten animals from each experimental group after 
11, 22 and 29 weeks on the experimental rations. 
The procedures used for determination of exchange- 
able sodium [hereafter indicated by (Na)g], tissue 
and carcass analyses are reported in detail in a later 
paper in this seminar.” Briefly, (Na)g was measured 
by the principle of isotope dilution using Na” 
rather than Na™ as in previous studies. Each rat 
was given approximately 5 yc. of NaCl by intra- 
peritoneal injection and an equilibration period of 
18 hours was used. Urine samples were collected 
from the time of injection until 6 hours later and 
from 6 hours to 18 hours postinjection. (Na)g 
was calculated from the specific activity of the 6 to 18 
hour urine sample. Urine was used because repeated 
bleeding of the rats in order to obtain serum samples 
was inadvisable. At the conclusion of the experi- 
ments blood was drawn, specific activity of both 
urine and serum were determined on each animal 
and used to calculate (Na)g. The good agreement 
between (Na)x calculated from both serum and urine 
samples for the three groups is shown in Table 1. 

Total body sodium [indicated hereafter as (Na)r] 
was measured with a Coleman Flame Photometer on a 
nitric acid digest of the homogenized carcass of the 
rat. Sodium was also determined by flame photom- 
etry on serum, urine and on nitric acid digests of 
skeletal muscle from the right hind legs and ven- 
tricular muscle. Water content, expressed as per 
cent of fresh tissue weight, was estimated by difference 
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* Average body weight in grams. 


between fresh and dry tissue weights. The fat 
content of each carcass was calculated by difference 
after extraction of the homogenized carcass with 
anhydrous ethyl ether. Lean body weight was 
calculated by subtracting the weight of the fat from 
the whole body weight. The final determination of 
(Na)g was calculated as milliquivalent per kilogram 
of lean body weight because of the variation in fat 
content between the control and experimental 
rats. 


RESULTS 


The average values for systolic bood pres- 
sures are shown in Figure 1; measurements of 


TABLE I 


Exchangeable Sodium Calculated from Specific Ac- 
tivity of Both Plasma and Urine 


(Na)g (mEq./kg. LBW*) 
Group No. of 
Rats Based on Based on 
Plasma Urine 
Control 10 44.6 + 0.58T| 46.1 + 0.46 
High Na 9 47.2 + 0.90 48.5 + 0.89 
High Na + K 10 43.0 + 0.55 43.3 + 0.83 


* LBW = lean body weight. 
7 Standard error. 
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TABLE II 
Exchangeable and Total Body Sodium 
Difference 
Control High Na 
Findings 8 High Na + K 
6 + S.E.M. + S.E.M. 6 High High Na—High 
Na— Control Na+K 

No. of rats 10 10 10 
(Na)g (mEq./kg. LBW) 46.1 + 0.46 48.5 + 0.89* 43.3 + 0.83 2.4<0.03 5.2<0.001 
(Na); (mEq./kg. LBW) 59.1 + 1.10 55.5 + 0.90 5.4<0.01 3.6<0.02 
Average body weight 490 399 418 a a 
Fat (%) 24.0 15.5 16.2 
LBW (%) 76.0 84.5 83.8 


* For the experiment with (Na), the number of rats was only nine instead of ten. 


(Na), are indicated by arrows and the mean 
values for (Na), represented by the bar graphs. 
The average body weights of the three groups 
are shown at the time (Na), was measured. 
The last set of bar graphs indicate milliequiv- 
alents of sodium per kilogram of lean body 
weight. It would have been preferable to 
express all measurements of sodium in terms 
of lean body weight but this was impossible 
since we were unabie to estimate lean body mass 
in the living rats. However, it will be noted 
that the body weights of the two experi- 
mental groups were practically equal at all 
times which makes it unlikely that there could 
have been significant differences in the body 
position of these two groups. The body weights 
of the controls were 10 to 15 per cent higher 
than that of the experimental rats when (Na), 
was measured at 11 and 22 weeks. 

Blood Pressure: ‘The blood pressures of the 
three groups were equivalent at the start of the 
experiment. After 4 weeks on the diets the two 
experimental groups showed an equal eleva- 
tion of blood pressure over the control group. 
By the eighth week the blood pressure was signif- 
icantly higher (p < 0.05) in rats receiving high 
sodium and potassium than in rats fed only high 
sodium. During this early phase the added 
load of dietary electrolyte in the form of po- 
tassium chloride was a_ severe physiologic 
stress and two of the fifteen rats in this group 
died during this second month of the experi- 
ment. The remaining thirteen animals of this 
group adjusted to the diet and at 10 and 12 
weeks the blood pressures were equal in the 
high Na group and high Na+ K group. At 14 
weeks the blood pressure was slightly higher 
in the high Na group than in the high Na 
+ K while at 17 weeks the difference was even 


‘sodium [(Na).] measured. 


greater and at this time statistically significant 
(p < 0.001). At 19 and 27 weeks the blood 
pressures of the high Na group continued to 
climb and were significantly higher than the 
average value for the high Na + K group (at 
19 weeks p < 0.01; at 27 weeks p < 0.001). 

Exchangeable sodium in the control, high Na, 
and high Na + K was essentially equal when 
measured after 11 and 22 weeks on the experi- 
mental diets. At the twenty-seventh week, 
however, the rats fed the high sodium diet had 
significantly more (NA), than those fed the same 
high sodium level with added potassium (p < 
0.001). The high Na group also showed a 
significant elevation of (Na), over the control 
group (p < 0.03). The rats fed high sodium 
with added potassium had less (Na), than the 
control rats in spite of their very high intake of 
sodium chloride. 

Total Body and Tissue Sodium: After the third 
measurement of exchangeable sodium the rats 
were killed and the carcass sodium or total body 
In Table m it will 
be seen that the three groups of animals showed 
differences both in exchangeable and total body 
sodium. The high Na rats had more body 
sodium than did the controls or those fed high 
Na + K diets. The average percentage of 
carcass fat in the three groups is also shown 
since these values were used to calculate sodium 
content per unit of lean body weight. Sodium 
was measured in serum, muscle and heart from 
the three experimental groups (Table m1). 
There were no significant differences in the 
serum sodium concentration in the three groups. 
Muscle sodium of the high sodium group was 
slightly higher than that of the controls and 
significantly (p < 0.01) higher than the group 
fed high Na + K. There was also somewhat 
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TABLE III 
Serum and Tissue Sodium Content 


Muscle 


Heart 


mEq. Na per 100 
gm. Solids 
+ S.E.M. 


mEq. Na per 100 
gm. Solids 
+ S.E.M. 


Control 
High Na 
High Na + K 


more sodium in the hearts of the high Na group 
than either the control of high Na + K group. 
Thus the increases in sodium content of tissues 
were found in the animals that had increased 
exchangeable and total body sodium. 


COMMENT 


In these experiments rats fed 9.8 per cent 
dietary sodium chloride had increased blood 
pressure as well as increased exchangeable and 
total body sodium. Both blood pressure and ex- 
changeable sodium were increased after 27 
weeks on the diets. On the basis of available 
data it is impossible to state whether there 
exists a cause and effect relationship between 
the two observations. Animals fed diets con- 
taining 9.8 per cent sodium chloride with suffi- 
cient added potassium to restore the dietary 
ratio of Na:K to one, maintained significantly 
lower blood pressures and exchangeable body 
sodium. 

The normal serum sodium levels in the rats 
which showed increased body sodium suggests 
that the increase resulted from expansion of the 
extracellular compartment. 


SUMMARY 


Rats fed 9.8 per cent sodium chloride and 6.1 
per cent potassium chloride and 9.8 per cent 
sodium chloride and 0.6 per cent potassium 
chloride exhibited systolic blood pressure eleva- 
tion after four weeks. At 8 weeks the Na + K 
group had significantly higher blood pressures. 
At 14 weeks the elevations were more marked 
in the high Na group and from 19 weeks these 
elevations were significantly higher. Exchange- 
able sodium, (Na), in the controls, high Na and 
high Na + K groups was essentially equal at 11 
and 22 weeks. At the twenty-seventh week, 
rats on the high Na diets had significantly more 
(Na), than those fed the same high sodium 
with added potassium. The high Na group 
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also showed a significant elevation of (Na), 
over the control group. The rats fed Na 
+ K had less (Na), than the control rats. 
At sacrifice after 29 weeks measurements of total 
body sodium, (Na) ;, showed the same group 
differences. There was no significant difference 
in the serum sodium concentrations in the three 
groups. Increases in sodium content tissues 
were found in the rats with increased exchange- 
able and total body sodium. 
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Resistance to Blood Flow through the 
Vascular Bed of the Dog Forelimb 


Local Effects of Sodium, Potassium, Calcium, Magnesium, 


BOUT FOUR YEARS ago, we initiated a study 
A of the direct effects of cations upon intact 
small and large blood vessels. We were par- 
ticularly interested in their effects upon the ar- 
teriole because this structure provides the main 
variable resistance to blood flow. The test sys- 
tem was the vascular bed of the forelimb of a 
dog and various salts were infused into the 
brachial artery at rates which significantly raised 
the concentration of the cations in the leg with- 
out significantly affecting their concentrations in 
the body. All salts of sodium, potassium and 
magnesium decreased the resistance to blood 
flow through the vascular bed of the limb 
whereas all calcium salts increased the resistance 
to flow through this bed.4? From these findings 
it was concluded that the local effect of raising 
the plasma concentration of sodium, potassium 
or magnesium was active arteriolar dilation and 
that of raising plasma calcium concentration was 
active arteriolar constriction. However, shortly 
after reporting these results, Read et al.* and 
Marshall and Shepard‘ observed a decrease in 
peripheral vascular resistance following intra- 
arterial administration of a hypertonic solution 
of glucose or urea. The solutions used in our 
experiments were also hypertonic; therefore, 
the observation of these investigators suggested 
that the changes attributed to sodium, potas- 
sium and magnesium might have resulted from 
increase of plasma tonicity. For this reason we 
have restudied the local actions of these ions, with 
particular attention to the problem of tonicity. 


METHODS 
Figure 1 presents our methods. A blood pump is 


Acetate, Hypertonicity and Hypotonicity* 


Henry W. OVERBECK, M.D., Joyce I. MOLNAR, M.s. and Francis J. HADDy, M.D., PH.D. 


Chicago, Illinois 


interposed in the brachial artery so that the rate of 
blood flow through the forelimb can be held constant 


at 100 ml. per minute. Pressures are measured at 
four sites along the length of the bed. These sites 
include the brachial artery just distal to the pump, 
a small artery in the foot pad (0.5 mm.), a small 
vein on the dorsum of the paw (0.5 mm.) and the 
cephalic vein. Rate of flow is constant; therefore, 
any change in the pressure gradient from brachial 
artery to cephalic vein indicates a change in total 
resistance to blood flow. Similarly, changes of the 
gradients from the brachial artery to the small artery, 
small artery to small vein, and small vein to ce- 
phalic vein indicate changes in the resistance to flow 
through large arteries, small vessels and large veins, 
respectively. The gradient from small artery to small 
vein is of particular interest because most of this 
gradient results from resistance to flow through the 
arteriole. ‘These methods have been described in 
detail previously.5 Solutions were infused into the 
brachial artery at rates which varied plasma ion con- 
centrations and/or tonicity in the limb without 
significantly affecting plasma ion concentrations and 
tonicity in the body. 


RESULTS 


Potassium and Calcium Salts: The plasma 
concentrations K+ and Cat* in the limb 
may be readily altered without changing 
plasma tonicity by infusion of isotonic solutions of 
K+ and Cat? salts. Figure 2A shows that in- 
fusion of isotonic KCl, 2 ml. per minute, in six 
dogs resulted in immediate decrease in arterial 
pressures, indicating fall of total vascular re- 
sistance due to fall of resistance in the small 
vessels. Isotonic CaClo, 2 ml. per minute, in- 
creased arterial pressures, indicating rise of to- 
tal vascular resistance due to increase of resist- 


* From the Veterans Administration Research Hospital and the Departments of Medicine and Physiology, North- 


western University Medical School, Chicago, Illinois. 
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Brachial 


artery 
Arterial 
segment 
Small 
vessel 
Segment 
Venous 
segment { 
Cephalic 
vein 
Fic. 1. Schematic drawing of the methods used for 


evaluating the effects of ions and tonicity upon the re- 
sistance to blood flow through the vascular bed of the 
dog forelimb. Large and small vessel pressures meas- 
ured with the rate of blood flow in the brachial artery 
held constant at 100 ml. per minute. Soljutions were 
infused into the brachial artery at rates which changed 
ion concentrations and/or tonicity in limb blood with- 
out significantly affecting ion concentrations or tonicity 
in the blood of the body. * Third superficial volar 
metacarpal artery.  { Second superficial dorsal meta- 
carpal vein. 


ance in the small vessels. The action of CaCl, 
was prolonged. Isotonic NaCl, 2 ml. per min- 
ute, had no effect. Calculated increments in 
concentrations of plasma cations in the limb 
were 1.4 mEq. Kt per L. during infusion of 
KCl, 3.8 mEq. Ca** per L. during infusion of 
CaCl, and 0 mEq. Na* per L. during infusion of 
NaCl. The plasma Na®* concentration is not 
readily altered by infusion of NaCl because the 
concentrations of Na* in plasma and in isotonic 
NaCl are about the same. On the other hand, 
infusion of an isotonic solution of KCl or CaCl» 
will elevate the plasma concentration of K* 
or Ca* because the concentration of the cation is 
much higher in the solution than in the plasma. 
The ability of isotonic KCl to cause a decrease in 
resistance of the small vessels was further sub- 
stantiated by the higher infusion rate of 4 ml. 
per minute (Fig. 2B). 

The specific effects of K+ and Cat* were 
further illustrated by infusions of 1 ml. per 
minute of equally hypertonic solutions of KCl, 
CaCl, and dextrose, each containing 2.78 


Osm. per L. in three dogs (Fig. 2C). Infusion 
of hypertonic KCl resulted in three times the 
decrease of resistance in small vessels produced 
by equally hypertonic dextrose whereas equally 
hypertonic CaCl: definitely increased resistance. 

Sodium Salts: The study of specific effects 
of Na* is much more difficult because plasma 
Na* concentration cannot be significantly 
increased without increasing plasma _ tonicity 
as well. The problem was approached by a 
comparison of several Nat-containing com- 
pounds, NaCl, Na2SO, and NasHPO,. Due 
to differences in valence, aqueous solutions of 
these compounds all containing equal concentra- 
tions of Na*, will differ osmotically, the NaCl 
solution having one and one third times the 
osmotic pressure of the other two. Also, aque- 
ous solutions, all of equal osmotic pressure, will 
differ in concentrations of Nat, the NaCl solu- 
tion having only three-fourths the sodium con- 
centration of the other two. 

Two studies, differentially altering either 
plasma Na* concentration or tonicity in the limb, 
were made. Inone study (Fig. 2D), hypertonic 
solutions were infused into ten dogs to provide 
identical arnounts of Na* irrespective of tonicity. 
Solutions of NaCl, Na2SO,4 and NasHPO, each 
containing 2 mEq. Nat per ml., were infused 
at 1 ml. per minute. Determination of the 
plasma Na* concentration in the cephalic venous 
blood in six dogs confirmed the calculated in- 
crement of 20 mEq. per L. for each infusion. 
Calculated increments in plasma tonicity in 
the limb were 40 mOsm. per L. for NaCl 
and 30 mOsm. per L. for Na»SO, and 
Na2HPQy,. Decreases in brachial arterial pres- 
sure were 21 mm. Hg for NaCl and 11 mm. 
Hg for both NasSO, and NasHPO,. These 
changes roughly parallel tonicity and not Nat 
concentration. 

In the second study, equally hypertonic solu- 
tions were infused irrespective of the amount 
of Na* supplied, and these were compared with 
an equally hypertonic solution of the non- 
electrolyte, dextrose. Solutions of NaCl, 
Na2SO, and dextrose, each containing 2.78 
Osm. per L. were infused into six dogs at 2 
ml. per min. (Fig. 3). Calculated increment 
in plasma tonicity in the limb was 56 mOsm. 
per L. for all infusions. Calculated increments 
in plasma Na* concentration in the limb were 
28 mEq. per L. for NaCl, 37 mEq. per L. for 
Na2SQ,, and 0 mEq. per L. for dextrose. De- 
creases in arterial pressures in the limb and, 
therefore, in the gradient across the small vessels 


THE AMERICAN JOURNAL OF CARDIOLOGY 


J 
(Tene 
| 


Ions, Tonicity and Vascular Resistance 


Nac/ KCI CoC/s 
/sotonic /sotonic /sotonic 
/min 2mlf/min 2 ml /min. A 
v 4m/./min. 


Brachial 
Smal/Artery 


@ 


PRESSURE mm. Hg 


Smal/ Vein Cephalic Vein 


x 


| 


I min 
Het. (%) 33.5 


373 38239) 382 387384 38.2 382 


DEXTROSE KC/ Ca Cle 
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Brachia/ Artery 
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49 
PRESSURE mm Mg 
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® 


PRESSURE mm 


oO 
4. 
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Small Vein 


bad Imin Imi 
min. Imi 
Cephalic Vem Het.(%) 35.8 33.8 351360 33.8 356 364 36.0 
pH 7.26 7.25 7.33 
[Na*J]153 174 180 156 «177 


317520" S02 317 "292 305 
pH 7.30 ° 7.29 7.29 

Fic. 2. A, effects of brachial arterial infusion of isotonic solutions of NaCl, KCl and CaCl, upon 
pressures in large and small blood vessels of the forelimb with rate of blood flow in the brachial artery 
held constant at 100 ml. per minute. Final pressures obtained about 5 minutes after stopping in- 
fusions. Values are averages of six animals. Hct. refers to hematocrit of cephalic venous blood 
(n = 5). B, effect of more rapid infusions of isotonic solutions of NaC] and KC]. See caption for 
Figures 1 and 2A. Values are averages of three animals. Hct. refers to hematocrit of cephalic venous 
blood (n = 2). C, effects upon pressures of equally hypertonic solutions of dextrose, KC] and CaCl, 
infused at equal rates. Values for pressures, hematocrit and pH are averages of three experiments. 
D, pressure changes caused by hypertonic solutions of sodium salts infused to produce equal incre- 
ments in sodium concentration but different increments in total osmotic pressure. Averages of ten 
animals. Hct., pH and [Nat] refer to hematocrit (n = 10), pH (n = 10) and plasma sodium con- 
centration (n = 6), respectively, of cephalic venous blood. 


were similar for all infusions despite differing limb plasma tonicity were 100 mOsm. per L. 
increments in Nat concentration. for all infusions. Calculated increments in 


Solutions containing 2.78 Osm. per L. of limb plasma Nat concentration were 50 mEq. 
NaCl, Na2SO, and dextrose were also infused per L. for NaCl, 65 mEq. per L. for Na2SO, 
at the higher rate of 3.6 ml. per minute in and 0 mEq. per L. for dextrose. Decreases in’ 
nine dogs (Fig. 4). Calculated increments in _ large and small arterial pressures and, therefore, 
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DEXTROSE Nac/ Naz S04 
2.78 0sM/L. 2.78 osM/L. 2. 780s M/L. 
1404 jmin. Jmin. 
120+ 
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Wy 
gq 80 
>» 
a Small 
ma 
60 5 Artery 
404 
20 3 
Smell Vein Cephalic Vein 


Het.(%) 35.1 26.5 344 357 328 356 346525 34.9 
Wt.(gms.) 247 246 248 247 248 249 248 249 250 
Fic. 3. Pressure changes caused by hyper- 
tonic solutions infused to produce equal incre- 
ments in osmotic pressure but different in- 
crements in sodium concentration. Averages 
of six experiments. Hct. refers to hematocrit 
(n = 5) of cephalic venous blood. Wt. refers 
to weight of forelimb (n = 6). Weight was 
measured by placing the limb on a scale at 
table top level. Since the shoulder joint acted 
as a fulcrum, attention is given to direction of 
change of weight and not absolute values. Most 
limbs spontaneously gained weight with time 
because of the slightly dependent position in 
relation to the heart. 


DEXTROSE Na C/ S04 
2.780sM/L 2.780sM./L. 2.78 0s M./L. 
3.6 /min 3.6ml/min 36 ml/min. 
120+ 
z 
2 
60 
Q 
20- 
Small Yein 
1% °Feph Vein 
Imin min imin. 


Het (%) 342 273 328 346 31.0 340 348 =. 35.2 
72 729 


Weigms.) 283 274 280 276 283 282 
MCV(w3) 69 55 69 58 

Visteee) 378 442 367389 388 386375 378 38.1 
Fic. 4. Pressure changes produced by hyper- 
tonic solutions infused to produce equal incre- 
ments of osmotic pressure but different incre- 
ments in sodium concentration. Averages of 
nine experiments. Infusion rate more rapid than 
in experiment described in Figure 3. Hct., pH, 
Wt., MCV and Vis. refer to hematocrit (n = 9), 
pH (n = 8), limb weight (n = 2) mean cor- 
puscular volume (n = 2) and viscosity (n = 4), 
respectively, of cephalic venous blood. Vis- 
cosity measured in a glass viscometer at 37 °c. 
See legend for Figure 3 for explanation of weight. 
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Na C/ DEXTROSE 
/sotonic /sotonic 
23 mi./min 
120 4 

100 4 orta 
> 
yn 
x 60 
Q 

407 

207 

Small Vein Cephalic Vein 
min. Imin. 

Wt{Gms.) 273.4 273.7 2740 272.3 2727 273.5 
Hot.(%o) 33.0 25.5 33.2 26.0 33.0 


Fic. 5. Effect upon pressures of decreasing limb 
plasma Nat concentration without altering 
tonicity. Isotonic solutions infused proximal 
to the pump in order that flow rate remained at 
100 ml. per minute. Averages of six experi- 
ments. Wt. and Het. refer to weight (n = 6) 
and hematocrit (n = 3), respectively, of ce- 
phalic venous blood. 


in the gradient across the small vessels were 
practically identical for all infusions. These 
changes parallel tonicity and not Na* concen- 
tration. 

An attempt was made to study the effect of 
decreasing plasma Na? concentration in the 
limb without altering tonicity. In six dogs, 
an isotonic solution of dextrose was infused at a 
rapid rate, 23 ml. per minute, and an isotonic 
solution of NaCl served as a control (Fig. 5). 
These infusions were made into the proximal 
side of the pump in order to avoid changing 
the rate of flow to the limb. Determination of 
the venous plasma Na? concentration in the 
limb in one animal confirmed the calculated 
decrement of plasma Na* concentration in the 
limb of 35 mEq. per L. during infusion of 
isotonic dextrose and of 0 mEq. per L. during 
infusion of isotonic NaCl. The decrease in 
arterial pressures and, therefore, in the gradient 
across the small vessels during infusion of iso- 
tonic dextrose was equal to that during infusion 
of isotonic NaCl, again providing no evidence 
for an effect of sodium. As will be demon- 
strated, the decrease in resistance resulted, at 
least in part, from a decrease in viscosity of the 
blood. 

Magnesium and Acetate Salts: Isotonic solu- 
tions of MgCle, MgSOu, Mg(Ac)2 and NaAc 
were infused into ten dogs. Mg*+* was de- 
livered at 13 mg. per min. in the case of the 
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A, effects on pressures of isotonic solutions of MgCl2, MgSO, and Mg( Ac); infused to deliver 


13 mg. Mg*+* per minute. Each infusion of a Mg** salt was preceded by infusion of isotonic NaCl 
at the same volume rate. Averages of ten experiments. B, effects on pressures of isotonic solutions 


of Mg(Ac)2: and NaAc infused to deliver 65 mg. Ac~ per minute. 
preceded by infusion of isotonic NaCl at the same volume rate. 


Figure 6A. 
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Fic. 7. A, effect on pressures of a hypertonic solution of dextrose (2.78 Osm. per L.) in one animal. 


Pressures are plotted as a function of the infusion rate of dextrose in mOsm. per minute. 


Pressures 


were recorded as soon as they became steady. Entire sequence completed in 15 minutes. B, effects on 
pressures of infusion of a hypertonic solution of dextrose into the brachial artery at 1, 2, and 3.6 ml. 


per minute. 


Mg** salts and acetate at 65 mg. per min. in 


the case of the Ac~ salts. An isotonic solution 
of NaCl, infused at the same volume rates as 
the salts of Mg++ and Ac-, served as a control. 
The pressure gradient from brachial artery to 
cephalic vein decreased 27 mm. Hg during 
infusion of MgSO, and MgCls, and 58 mm. 
Hg during infusion of Mg(Ac)2 (Fig. 6A). 
Infusion of NaCl at the same volume rates pro- 
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Averages of ten, six and nine experiments, respectively. 


duced decrements of 0, 4 and 5 mm. Hg, re- 
spectively. In the same animals NaAc and 
its NaCl control (Fig. 6B) produced decrements 
of 42 and 6 mm. Hg, respectively. NaAc also 
produced a slight increment in the gradient 
from small to cephalic vein. In several animals, 
the pH of brachial arterial and cephalic venous 
blood was measured before, during and after 
infusion of the salts. The values did not change 
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Fic. 8. Additional data from the experiments 
depicted in Figure 7B. AP Small Vessels refers 
to the pressure gradient from small artery to 
small vein (n’s = 10, 6, 9), AWeight to change 
in forelimb weight from the precontrol value 
(n’s = 6, 2), and viscosity, Hct., Hb., MVC 


and pH to viscosity (n’s = 1, 4), hematocrit 
(n’s = 10, 5, 9), hemoglobin concentration (n = 
2), mean corpuscular volume (n = 2) and pH 
(n’s = 10, 8), respectively, of cephalic venous 
blood. 
NaC/ NaC/ NaC/ 
4.10 os M./L. 2780sM/L. 2780sM/L. 
1.0 ml. /min. 2.0 ml./min. 3.6 ml. 
1405 
1207 
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Qa 
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pH 7. 7 


Fic. 9. Effects on pressures of administration of 
hypertonic solutions of NaCl at three rates. 
Averages of ten, six and nine experiments, re- 
spectively. pH refers to pH (n’s = 10, 8) of ce- 
phalic venous blood. 


Overbeck, Molnar and Haddy 


NaC/ Na C/ 
2.780sM/L. 2.780sM/L. 
90- 2.0m/./min. 3.6 mil fmin. 


APSmalil 
Vessels 
80- (mm. Hq) 
704 
N 
604 
50- 
Viscosity 


(sec.) 
404 
Het.(%) 


AWeight (Gms.) 


Imin Imin. 

Fic. 10. Additional data from experiments de- 
scribed by Figure 9. AP Small Vessels refers to 
pressure gradient from small artery to small vein 
(n’s = 6, 9), AWeight to change in forelimb weight 
from pre-control value (n’s = 6, 2), and Vis- 
cosity, Hct., Hb. and MCV to viscosity (n’s = 
1, 4), hematocrit (n’s = 5, 9), hemoglobin con- 
centration (n = 2) and mean corpuscular volume 
(n = 2), respectively, of cephalic venous blood. 


significantly. These findings suggest that the 
local effect of an excess of both Mgt* and Ac 
is active arteriolar dilation. Ac~ is the first 
anion encountered to have significant action in 
this preparation. 

Changes in Plasma Tonicity: We next di- 


. rected our attention to the mechanism of the 


resistance changes which result from change of 
plasma tonicity. Additional measurements 
were made of cephalic venous blood before, 
during and after infusion of hypertonic and 
hypotonic solutions. These measurements in- 
cluded viscosity, hematocrit reading, hemo- 
globin concentration, mean corpuscular volume 
and blood pH. Limb weight was also measured 
by placing the limb on a scale. 

Figure 7A presents pressures as a function of 
the infusion rate of a 2.78 Osm. per L. solution 
of dextrose into one animal. Figure 7B presents 
average pressure before, during and after in- 
fusion of a hypertonic solution of dextrose 
(2.78 Osm. per L.) at 1, 2 and 3.6 ml. per 
minute, respectively. Brachial and small ar- 
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Fic. 11. A, effects on pressures of administra- 


tion of hypertonic solutions of Na2SO, at three 
rates. Averages of ten, six and nine experiments, 
respectively. pH refers to pH (n’s = 10, 8) of 
cephalic venous blood. B, additional data from 
experiments described in A. AP Small Vessels 
refers to pressure gradient from small artery to 
small vein (n’s = 6, 9), A Weight to change in 
forelimb weight from the pre-control value 
(n’s = 6, 2), and Viscosity, Hct., Hb., and MCV 
to viscosity (n = 4), hematocrit (n’s = 5, 9), 
hemoglobin concentration (n = 2) and mean 
corpuscular volume (n = 2), respectively, of ce- 
phalic venous blood. 


terial pressures decreased almost equally and 
the degree of fall increased as a function of the 
rate of infusion. Figure 8 presents additional 
data from the same experiment. In association 
with the fall in the pressure gradient from small 
artery to small vein were decreases in mean 
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Fic. 12. Comparison of effects of hypertonic solu- 
tions of dextrose, NaCl, Na2SO, and NasHPO, 
upon total and small vessel pressure gradients. 
Pressure gradients, in per cent of pre-control value, 
are plotted against the infusion rate in mOsm. 
per minute. Data obtained from experiments 
described by Figures 7B, 9 and 11. 


corpuscular volume, hematocrit and limb 
weight. There was also a very small fall of 
hemoglobin concentration. Blood viscosity in- 
creased. 

Hypertonic solutions of NaCl and NaSO, 
were studied in a similar manner (Figs. 9, 
10, 11). The findings were the same except 
that these solutions did not affect blood viscosity. 

Figure 12 compares the effect of these hy- 
pertonic solutions upon average pressure gra- 
dients from brachial artery to cephalic vein and 
from small artery to small vein; that is, the 
total gradient and the small vessel gradient. 
These gradients, in per cent of control values, 
are plotted against the infusion rate in mOsm. 
per minute. The slopes of the lines are not 
greatly different, suggesting that the mode of 
action of these agents is the same. These data 
also provide further evidence that the sodium 
does not have a specific action of its own. Fur- 
ther, they suggest that the chloride, sulfate 
and biphosphate ions do not have measurable 
specific activity. 

Hypertonic urea also decreased pressures in 
brachial and small arteries without affecting 
venous pressures in this preparation. 

In other experiments, tonicity was lowered 
by rapidly infusing hypotonic solutions and the 
responses were compared with those due to 
equally rapid infusions of isotonic solutions 
(Fig. 13). The solutions were administered 
proximal to the pump so that flow rate through 
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Fic. 13. Effects of lowering tonicity by rapid infusion 
of hypotonic solutions and comparison with equally 
rapid infusion of isotonic solutions. Infusions adminis- 
tered proximal to pump in order that flow rate remained 
at 100 ml. per minute. A P Small Vessels refers to pres- 
sure gradient from small artery to small vein (n = 11), 
A Weight to change in limb weight (n = 7), Het. to 
hematocrit of cephalic venous blood (n = 7), and Vis- 
cosity to viscosity of cephalic venous blood (n = 7). 


the limb did not change. The pressure gradient 
of the small vessels decreased during infusion 
of isotonic NaCl or isotonic dextrose at 23 ml. 
per minute but did not change during infusion 
of hypotonic NaCl or dextrose at the same rate. 
That there must have been constriction of small 
vessels during infusion of the hypotonic solutions 
is indicated by an unchanging resistance, de- 
spite fall of blood viscosity. In contrast, vessel 
calibers probably did not change during infusion 
of isotonic solutions. ‘The decrease of viscosity 
is probably adequate to explain the decrease of 
resistance. 


COMMENTS 


These studies show that acute local elevation 
of the plasma concentration of K+ and of Mg*+* 
within physiologic ranges by infusion of isotonic 
salts substantially decreases the resistance of the 
small vessels in the limb. Acute local elevation 
of the Cat* concentration by the same method 
increases resistance of the small vessels. These 
findings suggest that K*+ and Mg** actively 
dilate arterioles and Ca** actively constricts 
arterioles, and that these effects are independent 
of changes in tonicity. On the other hand, 


acute increase or decrease of the sodium concen- 
tration has little effect upon the resistance of 
small vessels other than that attributable to 
changes in plasma tonicity. This suggests 
that the sodium ion probably has little spe- 
cific action upon the contractile mechanism 
of arteriolar smooth muscle. Elevation of the 
concentration of acetate by infusion of isotonic 
acetate salts decreases resistance to blood flow 
through small vessels. Hence, the local action 
of acetate excess is active arteriolar dilation. 
This is the first anion encountered to have sig- 
nificant action in this preparation. Its ability 
to simultaneously dilate arterioles and con- 
strict veins suggests a role in water storage in 
tissues. 

The mechanism of action of changes in 
tonicity is not entirely clear. Increase of 
tonicity by infusion of a hypertonic solution of 
dextrose, urea or of a sodium salt results in 
decrease of small vessel resistance. It is clear 
that the decrease in resistance results from dila- 
tion because viscosity either increases or does 
not change. This dilation is associated with 
movement of water out of the limb because 
the weight of the limb decreases. The water 
comes at least in part from within cells because 
the decrease in weight is associated with a fall in 
mean corpuscular volume. Thus, the dilation 
could be a passive phenomenon due to dehy- 
dration of vessel walls. One cannot, however, 
eliminate active dilation because withdrawal 
of water from cells undoubtedly concentrates 
the ions within the cells and many of these ions 
can produce active change of caliber. The 
hypotonic solutions studied decrease calibers. 
This constriction may be passive, due to over- 
hydration of the vessel wall or active, due to 
changes in concentrations of intracellular ions. 

Returning to Kt, Catt, Mgt* and 
it should be emphasized that the changes de- 
scribed are the result of local actions. In some 
instances, when concentrations are raiséd gen- 
erally within an animal, a remote action may 
modify or obscure the local action. For ex- 
ample, the local dilatory action of potassium 
may not become manifest following intravenous 
administration because of discharge of cate- 
cholamines from the adrenal medulla. It 
should also be noted that the local actions of 
cations upon blood vessels and heart are similar. 
Calcium stimulates both structures whereas 
potassium and magnesium depress both struc- 
tures. It is difficult to demonstrate an action 
of sodium upon the heart. It is also difficult to 
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demonstrate that this ion has a specific action 
upon blood vessels. 


SUMMARY 


Evidence is presented which indicates that, 
in the foreleg of the dog, the local effect of 
acute slight elevation in the blood concentration 
of potassium, magnesium or acetate is active 
arteriolar dilation whereas the local effect of 
slight elevation of calcium concentration is 
active arteriolar constriction. Increase or de- 
crease in the concentration of sodium seems to 
have little effect independent of that due to 
change of blood tonicity. Increase in blood 
tonicity produces dilation whereas decrease 
in tonicity produces constriction. These caliber 
changes may be passive, due to dehydration or 
overhydration of the arteriolar wall, or active, 
due to increase or decrease in the concentration 


of ions within the smooth muscle cell. These 
findings may be relevant to the problem of 
arterial hypertension. 
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Effect of Hypertension and Sodium Chloride 


on Vascular Reactivity in Vitro’ 


SAMUEL MALLOV, PH.D. 


Syracuse, New York 


NE RECENT concept of the etiologic factors 
O* hypertension especially attractive to me is 
that one relating hypertension to enhanced vas- 
cular reactivity. It seemed to me that essential 
hypertension might be a result of the transmis- 
sion of a gene or genes responsible for the de- 
velopment of some alteration in a component of 
the vascular walls, such as an enzyme or con- 
tractile protein of the smooth muscle, resulting 
in an enhanced reactivity of these walls. In 
secondary and experimental hypertension, al- 
though hereditary transmission of the altered 
characteristic would not be responsible, the 
same vascular change might occur as a result of 
environmental influences within the body. 
If this were true, a clue to the nature of the 
similar ‘“‘defect” in the vascular walls of the 
animal with essential hypertension might result 
from study of animals with experimental hyper- 
tension. 

Having an interest in the contractile proteins 
of muscle, I became interested in the possibility 
of comparing the reactivity of the contractile 
protein actomyosin, obtained from the vascular 
walls of the normotensive animal, with that ob- 
tained from the vessels of the hypertensive 
animal, especially during the initial period of 
the development of experimental hypertension. 
Fortunately, I first investigated whether any 
reactivity greater than normal could be estab- 
lished in the fotal vascular wall of the experi- 
mental hypertensive animal. ‘To eliminate cir- 
culatory, nervous and similar influences present 
in the intact animal, the behavior of vascular 
strips in vitro was studied. It would have been 
more pertinent to study the reactivity of ar- 
terioles rather than of arterial strips, but be- 
cause of the obvious technical difficulties and 
because I planned to extract the actomyosin from 
the vessel walls later, I chose to extrapolate to 


aortic strips. Such strips had already been 
extensively employed as models in the study of 
the physiology and pharmacology of vascular 
smooth muscle. 


METHODS 


To compare precisely the reactivities of vascular 
segments from normotensive and from hypertensive 
animals, it was necessary to prepare strips from control 
and experimental animals as closely alike as possible. 
It was not possible to do this using spirally cut strips, 
but was possible using an adaptation of the technic 
of Vick, Ederstrom and Vergeer.* According to 
this method, a cylindrical strip of aorta is removed 
from an animal, freed of extraneous fat and connective 
tissue, and slit open lengthwise. Incomplete trans- 
verse cuts are then made on alternate sides of the 
strip to obtain a saw-tooth shaped segment (Fig. 1). 
By pinning a strip from a hypertensive rat and one 
from a normotensive rat together on a cork, and using 
a razor blade in cleaver fashion, both strips could be 
cut simultaneously so that they would be exactly 
alike in length, width and transverse cuts, and could 
differ only in thickness. 

When these strips were subjected to stretch, the 
elongation permitted the circular muscle layers to 
exhibit an increased vertical component of tension 


_when stimulated to contract. Each pair of identi- 


cally-cut strips was placed in a bath containing 
Krebs-Ringer bicarbonate buffer solution, subjected 
to an initial tension of 2 gm., and allowed to relax 
for 2.5 to 3 hours from the trauma of cutting, during 
which time the strips developed maximum sensitivity 
to the added drugs. After readjustment to 2 gm. of 
tension, isometric contractions, occurring as a result 
of the addition of 1-epinephrine or 1-norepinephrine 
(final concentrations 1:10°-1:10°) were recorded on a 
Grass polygraph. The catecholamines were used as 
stimulating agents to mimic the physiologic stimuli. 
Contraction of each pair of strips was induced two 
or three times, allowing suitable periods of relaxation 
between contractions. Following the contractions 
the strips were washed, weighed, the ‘‘muscle’”’ com- 


*From the Department of Pharmacology, State University of New York, Upstate Medical Center, Syracuse, 


New York. 
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Fic. 1. Method of preparing aortic strips (according to 


Vick, Ederstrom and Vergeer*). From: MaAt.ov, S. 
Circulation Res., 7: 196, 1959.} 


ponents extracted with NaOH and the “muscle” 
(alkali-soluble) nitrogen of the extracts determined.‘ 

Male albino rats were used as the experimental 
animals; some were rendered hypertensive by one 
of two procedures as follows: (1) the weekly intra- 
muscular injection of 5 mg. desoxycorticosterone 
trimethylacetate (DCA) and the substitution of 1 per 
cent NaCl for drinking water; (2) the tying of 
figure-of-eight ligatures around the left kidneys, and 


the removal of the right kidneys 1 to 2 weeks later. 
Blood pressures were determined by means of the 
microphonic manometer method of Friedman and 
Freed on nonsedated animals. Rats with systolic 
pressures not exceeding 130 mm. Hg were considered 
normotensive; those with pressures of 150 and higher 
were considered hypertensive. Pairs of rats, com- 
posed of one control and one hypertensive animal, 
were killed 14 to 105 days following the initiation of 
DCA administration, or following the second renal 
operation. 


RESULTS 


Aortic Hypertrophy: Both DCA and renal 
hypertension were associated with aortic hy- 
pertrophy (Table 1). Not only did the strips of 
aorta from hypertensive rats tend to weigh more 
than did the corresponding strips from the 
normotensive animals, but also the former con- 
tained significantly greater quantities of smooth 
muscle as indicated by the values of muscle 
nitrogen per unit of tissue weight. 

Vascular Reactivity to Catecholamines: To my 


TABLE I 


Isometric Contractions, Tissue Weights and Muscle Nitrogen Contents of Aortic Strips from Hypertensive and 
Normotensive Rats 


Measurement 


DCA-Salt 
Hypertension 


Renal 
Hypertension 


Blood pressure , 
Hypertensive (mm. Hg) 


Control 


Difference in maximum tension exerted by 
aortic strips (%) 


In response to 1-epinephrinef 


In response to levarterenol 


Difference in wet tissue weight of aortic 
strips§ 


Muscle nitrogen (yug.) per mg. aortic tissue 
(wet weight) 


Hypertensive rats 


Control rats 


199 + 5.0* 
(28)f 

124 + 1.2 
(28) 


2—43. + 4.98 
(28) 
—37.2 + 7.16 
(16) 


+21.1 + 3.61 
(26) 


14.83 + 0.463 
(26) 


11.58 + 0.4341 


(26) 


162 + 2.3 
(27) 

126 + 0.6 
(27) 


—18.4 + 6.96 
(27) 
—18.4 + 8.89 
(17) 


+23.1 + 5.02 
(27) 


14.87 + 0.414|| 


(27) 
13.40 + 0.422 
(27) 


From: Ma S. Circulation Res., 7: 196, 1959.1 
* All figures are given as mean + standard error of the mean. 
} Figures in parentheses represent number of rats or of aortic strips. 


t Maximum tension expressed as mg. tension per mg. muscle nitrogen. Per cent difference for each pair of strips 
calculated as H-C/C X 100; H and C are maximum tension exerted by hypertensive and control strip, respectively. 
§ Per cent differences for each pair of strips calculated as H-C/C X 100; H and C are mg. wet tissue weight of hyper- 


tensive and control strip, respectively. 


‘| Difference between values for hypertensive and control strips statistically significant (P < 0.01). 
|| Difference between values for hypertensive and control strips statistically significant (P < 0.02). 
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Fic. 2. DCA-salt hypertension. 


Per cent difference in maximum tension 


exerted between each aortic strip from a DCA-salt hypertensive rat and its nor- 
motensive control, in response to 1-epinephrine (shaded bars) or levarterenol 


(black bars). 
From: 


surprise, it was found that instead of the expected 
increase in reactivity of hypertensive rat aortic 
strips, the latter were less reactive in response to 
epinephrine and norepinephrine than were the 
strips from the normotensive control rats. 
Thus, of forty-four strips obtained from DCA- 
salt hypertensive rats, forty responded to various 
doses of the catecholamines with smaller con- 
tractile tensions than did the corresponding 
strips from the normotensive controls. Of all 
forty-four pairs of strips, the strips from hyper- 
tensive rats manifested, on an average, 40 per 
cent smaller contractions than the strips from 
normotensive rats. In the case of the renal 
hypertensive rats, of forty-four pairs of strips, 
thirty-three strips from hypertensive animals 
responded with smaller contractions than did 
the corresponding strips from normotensive 
rats, the mean difference in tension between 
hypertensive and normotensive strips for all 
forty-four pairs being 18.4 per cent (Figs. 2 
and 3). 

Thus, there was no evidence for increased 
reactivity of vascular walls associated with the 
development or existence of experimental hyper- 
tension. I believe that the generally decreased 
reactivity exhibited by the strips from hyper- 
tensive rats was a consequence of the hyper- 
tension itself. With the rapidity of the develop- 


Tension is expressed as mg. tension per mg. muscle nitrogen. 
Ma ttov, S. Circulation Res., 7: 196, 1959.! 


ment of the hypertension in these animals, there 
must be a rapid deterioration of the vascular 
walls. Thus, the tendency to reduced reactivity 
was much more marked in the aortas of the 
DCA-salt hypertensive rats, whose blood pres- 
sures, in general, were considerably higher than 
those of the renal hypertensive animals. In a 
few instances in which the blood pressures were 
especially high, hypertrophy, tortuosity and 
sclerosis of the aorta were easily discernible to 
the naked eye. Therefore, it appears that one 
of the difficulties in using experimental hyper- 
tensive animals in experiments such as described 
may be the confounding of etiologic factors 
with the sequelae of hypertension, as a result of 
the rapidity of development and the severity 
of the hypertension. 


SODIUM CONCENTRATION AND AORTIC 
CONTRACTILITY 

Vick, Ederstrom and Vergeer* reported in- 
creased reactivity of aortic strips obtained from 
rats on a high salt diet; therefore, I was 
especially interested in the failure of DCA-salt 
induced hypertension to cause increased vascular 
reactivity. Salt or sodium ion has long been 
implicated in the etiology of experimental and 
essential hypertension. Increased concentra- 
tions of sodium and water have been reported 
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between each aortic strip from a renal hypertensive rat and its normotensive con- 
trol, in response to 1-epinephrine (shaded bars) or levarterenol (black bars). 


Tension is expressed as mg. tension per mg. muscle nitrogen. 


S. Am. J. Physiol., 198: 1019, 1960.2 


to be present in the arterial walls of animals 
with experimental hypertension. It has been 
suggested that excessive intracellular sodium 
may increase the sensitivity of vascular smooth 
muscle as a result of an effect on the contractile 
protein system or on the membrane potential. 
In vitro studies of the effect of sodium on vascular 
reactivity have had somewhat conflicting re- 
sults.5~’ Therefore it was thought of interest to 
assay the effects of altered sodium concentra- 
tions on the reactivities of the aortic strip 
preparations. Since strips from normotensive 
and hypertensive rats showed different reac- 
tivities, I wondered whether the responses to 
stimulation in the presence of altered sodium 
concentrations would also be different. If they 
were different one could not extrapolate re- 
sults obtained with vessels from normotensive 
animals to those from hypertensive ones. 


Therefore, aortic strips from rats made hypertensive 
by DCA and 1 per cent saline administration, were 
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prepared as previously described, and the contraction 
of each strip in the presence of a deficiency or of an 
excess of sodium chloride was compared with its own 
contraction in the presence of normal sodium concen- 
tration. .L-Epinephrine bitartrate in a final con- 
centration of 1:10® was employed to induce contrac- 
tion. This concentration was much smaller than 
that required to induce maximum contraction. After 
the initial contraction in normal Krebs-Ringer bicar- 
bonate solution, the bath fluid was washed out and 
replaced by the same solution with an altered con- 
centration of sodium. Each strip was then allowed 
1 hour to come into equilibrium with the new solution 
before being induced to contract by a second addition 
of epinephrine. During this time, changes in tension 
were recorded. In some instances, following washout, 
a third contraction was induced in normal Krebs- 
Ringer bicarbonate solution. Since it has been 
suggested that the intracellular sodium ion concentra- 
tion, which may be affected by the extracellular 
situation, is the determining factor in controlling 
membrane potentials and thereby controlling the 
contractility of smooth muscle, it was thought that 
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TABLE II 
Isometric Contractions of Aortic Strips from Normotensive and Hypertensive Rats 
Systolic Bath Medium Percentage Change* 
Rat T No. Blood for C. 
ype Rats Seuenane or Contraction 
(mm. Hg) 2 or 3 Contraction 2 Contraction 3 
N 20 123 +1.2 Normal + 9.42 7.22 — 3.6 + 8.09 
KRB 
H 16 191 + 4.6 Normal +6.52 3.47 +11.0 + 5.23 
KRB 
N 53 122 + 0.9 High Na +73.5 + 15.64 
H 36 191 + 3.8 High Na —28.7+ 7.63 
N 22 122+ 1.0 Low Na —19.5+ 5.76 
H 20 191 + 5.8 Low Na —19.6+ 5.501 
N 14 1275 =1.3 Normal +76.7+ 13.16 
KRB 
+ Sucrose 
H 14 188 + 4.6 Normal KRB —32.324 5.84 
| + Sucrose 
t 18 120 + 2.0 Low Na ++ +1.32 4.14 
Sucrose 
H 17 188 + 4.2 Low Na + +16.8+ 9.34 
Sucrose 
From: Matiov,S. Am. J. Physiol., 198: 1019, 1960.2 
Values are means + S.E. N = normotensive; H = hypertensive; KRB = Krebs-Ringer bicarbonate solu- 


tion. 


* Calculated as (second or third contraction — first contraction) X 100/(first contraction). 


by allowing the strips to reach equilibrium with solu- 
tions of altered sodium concentration prior to inducing 
contraction, instead of causing contraction im- 
mediately following change of bath fluid, one would 
more closely approach the zn vivo situation. 


Increased Sodium Concentration: ‘The results 
obtained are shown in Table 11. When the 
sodium ion concentration was elevated from 
143.3 to 180.3 mEq. per L., the strips from the 
normotensive rats showed an increased con- 
tractility, and the strips from the hypertensive 
rats demonstrated decreased contractility. De- 


spite considerable variation from strip to strip, . 


the differences between these changes and those 
occurring with time, in normal solution, were 
statistically significant. It was also observed 
that during the “rest period’’ of 1 hour, when 
the strips remained in the high sodium solution 
prior to the second addition of epinephrine, the 
strips taken from the hypertensive animals 
gradually increased in tension, while no signifi- 
cant changes in tension were noted in the strips 
taken from normotensive control rats (Fig. 4). 
Decreased Sodium Concentration: When _ the 
sodium concentration of the medium was re- 
duced to 106.3 mEq. per L. an equal reduction 
of reactivity occurred in aortic strips from both 
normotensive and hypertensive rats, and no 
significant change in tension was undergone 


by any of these strips while remaining in the 
low sodium medium for 1 hour, prior to the 
induction of contraction. Again, the reduction 
in contraction resulting from exposure to the 
medium low in sodium was statistically signifi- 
cant. 

Tonicity of Sodium Solutions: To evaluate 
the contribution of altered tonicity to the con- 
tractility changes in Krebs-Ringer bicarbonate 
solution, sucrose was first substituted in iso- 
osmolar quantity for the excess of sodium chlo- 
ride of the high sodium concentration solution. 
Sucrose produced the same changes in reactivity 
as did the sodium in high concentrations. Dur- 
ing the 1 hour period of equilibration in the 
hypertonic sucrose solution, prior to the second 
contraction, the strips from the hypertensive 
rats manifested gradual increases in tension but 
those from the normotensive rats did not. 
Strips from both normotensive and hypertensive 
rats returned to normal contractility when 
sucrose, sufficient to restore the tonicity to 
normal limits, was added to the Krebs-Ringer 
bicarbonate medium low in sodium. The 
strips reacted as if they were in Krebs-Ringer 
solution of normal sodium concentration, and 
there were no significant changes in tension in 
any of the strips during the equilibration period 
prior to the second contraction. These experi- 
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Fic. 4. 
strips from normotensive and hypertensive rats. 


ments with sucrose indicate that if one considers 
sucrose to be inert, then the changes in reac- 
tivity of the strips in solutions of altered sodium 
concentration might not be due to the changes in 
sodium concentration fer se, but rather to 
changes in tonicity of solution. 

The increases in tension manifested by the 
strips from hypertensive rats when placed in 
hypertonic media alone prior to the addition of 
epinephrine ranged from 50 to 90 per cent of 
the increases in tension produced by addition 
of epinephrine to the same strips when they were 
maintained in isotonic solution. Therefore, 
it appears that the reduced reactivities of the 
strips from hypertensive rats in hypertonic solu- 
tion manifested after the addition of epinephrine 
may have been a consequence of the strips being 
already partly in the contracted state at the 
time epinephrine was added. 

In another experiment an attempt was made 
to ascertain whether the difference in reactivity 
between aortic strips from hypertensive and 
normotensive rats in high sodium medium could 
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be ascribed to the effects of DCA and 1 per cent 
saline per se, or was a result of the hypertension 
that ultimately developed. A number of rats 
were given injections of DCA and 1 per cent 
saline to drink for a period of 1 week. At the 
end of this time they did not show any hyper- 
tension, and the aortic strips reacted similarly 
in the presence of high concentrations of sodium 
to the strips from the untreated control rats. 


COMMENT 


What can we conclude from these experi- 
ments? They do not indicate the increased 
reactivity of vessel walls of experimental hyper- 
tensive animals that I was looking for. I be- 
lieve they do show that as a consequence of hyper- 
tension, arterial walls become not only struc- 
turally but also functionally altered, and that 
this functional alteration includes a decreased 
reactivity to catecholamines and a changed con- 
tractile behavior in the presence of high sodium 
concentrations and hypertonic solutions. Other 
investigators have reported such functional 


547 
NORMOTENSIVE RAT AORTA ee 
Wash | 
——— 
/ 
MINUTES 
vy 


548 Mallov 


Na* Na* 


Fic. 5. Possible water logging of vascular smooth mus- 
cle cells, resulting in shortening. 


changes in arterial walls as increased oxygen 
consumption and cytochrome oxidase activity,*® 
and changed tonicity in response to the reduc- 
tion of pH.’ Experiments with vessel strips 
from normotensive animals indicate that hyper- 
tonic solutions, including those having high 
concentrations of sodium chloride, produce an 
increase in reactivity, and that the opposite 
holds true for hypotonic solutions, including 
such solutions low in sodium concentration. 

The gradual increase in tension shown by 
strips from hypertensive animals when placed 
in hypertonic solutions, in contrast to the be- 
havior of strips taken from normotensive animals, 
may be due to an imbibition of solute and water 
as a result of altered membrane permeability. 
As a consequence of this soaking up of water 
and ions or other solute, the normally thin, 
elongated, smooth muscle cells may become 
shorter and fatter, thereby exerting an apparent 
contractile tension (Fig. 5). This is in ac- 
cordance with the reported observations that 
aortic strips from hypertensive animals contain 
more ions and water per weight of dry solid 
than do strips from normotensive animals. 
In vivo such water-logging would tend to narrow 
the lumen of vessels (as pointed out by Tobian’) 
and intensify the hypertension already existing. 
Since the plasma of animals with essential 
hypertension has been reported to contain 
higher sodium concentrations than the plasma 
of normotensive animals, an intensification of 
hypertension as a result of the imbibition of ions 
and water may be of some importance in the 
natural history of hypertension in human beings. 


SUMMARY 


Rats were rendered hypertensive either by 
the administration of DCA and salt or by renal 
constriction. Isometric tensions developed in 
strips of aorta from these rats, when exposed 


to epinephrine or levarterenol, were compared 
with the tensions in aortic strips from normo- 
tensive control rats The strips from the hy- 
pertensive animals responded, in general, with 
smaller contractile tensions than did those from 
the normotensive rats. Contractions of aortic 
strips from DCA-salt hypertensive rats were also 
compared with those of strips from control 
animals in the presence of solutions of altered 
sodium ion concentration and/or tonicity. The 
strips from hypertensive animals, in contrast to 
those from control animals, manifested a slow, 
prolonged increase in tension in the presence 
of solutions of elevated sodium ion concentra- 
tion or tonicity, alone. Addition of epinephrine 
then caused relatively weak contractile responses 
in the strips from hypertensive rats while the 
strips from the normotensive rats contracted 
even more vigorously than when in normal solu- 
tions. 

These results are interpreted to mean that 
as a consequence of hypertension, arterial walls 
became not only structurally but also func- 
tionally altered, and that the functional altera- 
tion includes a decreased reactivity to catechol- 
amines and a changed contractile behavior 
in the presence of elevated sodium ion concen- 
trations and/or hypertonic solutions. 
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Role of Electrolytes in the Contractile 
Machinery of Vascular Smooth Muscle’ 


Davin F. Bonur, m.p. and Patricia L. GOULET 


LTHOUGH THE investigator who undertakes 
A an inquiry into the cause of the elevated 
arterial pressure in experimental hypertension 
should not ignore the possibility of an elevated 
cardiac output, his most promising avenue of 
research will be in the possible causes of an 
increase in total peripheral resistance. In 
organizing his approach to this problem he must 
recognize that total peripheral resistance may be 
elevated by any one of the following, reasonably 
well separable mechanisms (Fig. 1): (1) an 
increase in neurogenic constrictor traffic to the 
resistance vessels; (2) an increase in circulating 
humoral constrictor substances; (3) an increase 
in vascular smooth muscle responsiveness to the 
normal determinants of vascular smooth muscle 
tone; and (4) a change in structure of the 
vessel wall, increasing peripheral resistance. 

Of these four possible causes of increased 
total peripheral resistance, the one that is 
probably most. difficult to evaluate is_ the 
increase in vascular smooth muscle responsive- 
ness. Yet a primary basis for the current 
seminar on the role of. salt in cardiovascular 
hypertension is the possibility that an altered 
functional electrolyte composition in vascular 
smooth muscle is responsible for an exaggeration 
in the response of the muscle to normal vaso- 
constrictor stimuli. 

Appraisal of the validity of this theory may be 
made by analysis of the relative electrolyte 
composition of blood vessels from normotensive 
and hypertensive animals or by evaluation of the 
effectiveness of imposed alterations in electrolyte 
composition on the contractile process in vascu- 
lar smooth muscle. The current study, which 
is part of a broad program aimed at describing 
the contractile machinery of vascular smooth 
muscle, falls into the latter category. The 


Ann Arbor, Michigan 


* From the Department of Physiology, University of Michigan, Ann Arbor, Michigan. 


theme of this presentation will emphasize the 
complexity of this problem and the superficial 
level of our current insight into it. The contrac- 
tile process is quite like a jigsaw puzzle (Fig. 2) 
in which most of the pieces are not yet satis- 
factorily in place. These pieces consist of at 
least seven physiologically active ions: Nat, 
Kt, Ht, Catt, Mgtt, Cl- and HCQ,;-. 
A clue in properly positioning these pieces to 
make the final picture is the realization that 
there are at least four somewhat separable 
processes which play a role in the contraction 
and relaxation of the vascular smooth muscle 
cell. (1) Events in the cell membrane as they 
alter either electrochemical gradients or per- 
meability to electrolytes and other vasoactive 
agents constitute the usual starting point for 
alterations in the contractile state of the cell. (2) 
A coupling process by which the influence of 
these membrane phenomena is transmitted to 
the contractile protein forms the second link in 
the chain of events. (3) The third process 
and the one responsible for the actual mechani- 
cal change is the chemomechanical transducing 
which is a property of the contractile protein. 
This change in mechanical state is presumably 
dependent on an energy source in organic 
phosphates. (4) Metabolic processes in the 
cell are responsible for the elaboration of these 
high energy phosphates. 

The complexity of this picture and our current 
state of ignorance are emphasized by the 
realization that there is little if any adequate 
experimental evidence describing the role of 
any one of the physiologically active electrolytes 
in any one of these four processes. Somewhat 
better associations have been made between 
the various electrolytes and specific processes in 
skeletal, cardiac and even other smooth muscle. 


This research was sup- 


ported by a grant from The American Heart Association and by grant H-3576 C2 from The National Heart Institute, 
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EXPERIMENTAL HYPERTENSION 
PRODUCTION MECHANISMS 
RENAL ISCHEMIA NEUROGENIC TONE f 
2. RENOPRIVAL 
3. NEUROGENIC 
4. ENDOCRINE 2. HUMORAL 
A) CORTICOSTEROID constrictor 
B) ADRENAL REGENERATION 
'RENOTROPHIN' 3. VASCULAR 
wat x? RESPONSIVENESS 
MANIPULATION 4. STRUGTURAL 
RESISTANCE f 


Fic. 1. Experimental hypertension; methods of produc- 
tion and possible mechanisms involved. 


|. MEMBRANE 
PHENOMENA 


Va 


2. COUPLING 


3. CHEMO MECHANICAL 
A TRANSDUCING 


a. Shortening 
b. Relaxation 


4. METABOLISM 


Fic. 2. Jigsaw puzzle representation of components of 
the contractile mechanism in a vascular smooth muscle 
cell. The object of the game is to fit the ion pieces (repre- 
sented at the lower right of the figure) into the several 
processes (named at the right) which make up the con- 
tractile mechanism. 


Our current impression of the role of these 
electrolytes in the mechanical response of 
vascular smooth muscle therefore arises largely 
from analogy from these other studies. 

The pattern of our current approach to the 
problem has been to evaluate the effects of 
variations in the concentration of a single 
electrolyte on the mechanical performance of 
isolated vascular smooth muscle. Three ob- 
jections to this type of study have been met, 
with varying levels of satisfaction: (1) It has 
been pointed out that such studies require the 
use of large blood vessels, the smooth muscle of 
which is not concerned in vascular resistance. 


Fic. 3. Portion of aorta from normal (right) and hyper- 
tensive (left) rat showing helical strip cut from each. 


We have met this objection by developing a 
technic which enables us to record tension from 
isolated vascular smooth muscle obtained from 
resistance vessels. (2) It is evident that the 
environment of the vascular smooth muscle 
cell in the isolated system must be different from 
that in vivo. It is also certain that both intra- 
luminal and extraluminal factors in vivo must 
alter the response of the vascular smooth muscle 
cell. It must be realized that these same 
influences cannot be adequately controlled and 
therefore will superimpose their effects on that 
of the electrolyte being studied. Furthermore, 
although it is possible to measure changes in 
resistance in a vascular bed, it is impossible to 
extrapolate from these measurements definite 
information about active tension in_ the 
vascular smooth muscle cell. The isolated 
tissue therefore becomes a necessary starting 
point for securing this basic information. (3) 
The effect of a given shift in electrolyte composi- 
tion in the environment of the isolated vascular 
smooth muscle gives little direct information 
related to the site of this influence in the con- 
tractile process. In their present form, there- 
fore, these studies are merely empirical obser- 
vations from which certain interpretations 
can be drawn. The need for caution in 
making such interpretations is emphasized by 
the fact that certain electrolyte shifts alter more 
than one of the phenomena involved. An 
example of such a complicating situation will 
be presented in which it is apparent that a 
unidirectional shift of potassium enhances 
vascular response by its effect on one mechanism 
while it depresses vascular response by _ its 
effect on another mechanism. The effect that 
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ing mesentery (rabbit). 


rod is threaded through the vessel from the distal end, penetrating the wall near the knot. 
The cutting blade may be seen near the thread. The “arteriole,” 


and vessel in place in lathe. 


Electrolytes-Vascular Smooth Muscle 


Fic. 4. Preparation of “‘arteriolar”’ strip. A, a small vessel (250 yu) is partially freed from surround- 
B, a thread is knotted around the proximal end of the vessel and a fine 


C, rod 


on the rotating rod, is guided into the cutting blade by means of this thread. D, cutting of helical 


strip from “‘arteriole” is in progress. FRom: 


Angiology. In press.? 


will be evident from this shift in potassium con- 
centration will therefore depend on which of 
the processes affected is the limiting factor for 
contraction. 


METHODs 


To prepare smooth muscle from large arteries for 
study in the isolated system, helical strips (Fig. 3) 
were obtained. ‘Those illustrated are of rat aorta; 
those used in the current study were obtained pri- 
marily from rabbit aorta and from dog carotid. 
The strips were mounted in muscle chambers in a 
bath maintained at 38°c., pH 7.35 and aerated 
with 95 per cent oxygen and 5 per cent carbon 
dioxide. The composition of the bath in millimoles 
is as follows: NaCl, 118.9; KCl, 4.7; KH2PQOs,, 1.2; 
MgSOu,, 1.2; NaHCOs, 14.9; dextrose, 5.6; CaCl, 
2.5; sucrose, 49.9; and calcium disodium versenate, 
0.026. Contractions of the muscle strips were 
recorded either isotonically, on smoked paper, or 
isometrically by means of a strain gauge tension 
transducer (Grass Model FT03). It has been noted 
that during a 2 hour incubation period the electrolyte 
composition and the responsiveness of such prepara- 
tions reaches a stable level which persists for at least 
6 hours.! 

Similar strips of smooth muscle tissue from resist- 
ance vessels (200 to 300 uw diameter) were prepared 
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by (1) threading a fine wire through the lumen of 
the vessel, (2) mounting the wire in the chucks of a 
jeweler’s lathe, and (3) cutting a helical strip from 
the vessel wall with a razor blade mounted in a slide 
rest, as the wire rotates. ‘This process is pictured in 
Figure 4, and is more fully described elsewhere.? 
Such strips, 100 u wide and 1 mm. long, were mounted 
in the same manner as aortic strips and tension was 
recorded by means of a strain gauge. Small vessels 
obtained from the rabbit mesoappendix have been 
used for most of these studies; preliminary work has 
also been done on resistance vessels from the lung 
and brain. In some experiments two strips, one 
from a resistance vessel and one from a conduit 
vessel, shared a common bath, thus making possible a 
comparison of the responses of the two to the stimuli 
imposed. 


RESULTS 


Role of Potassium in the Contractile Response of 
Smooth Muscle from Large Conduit Vessels: We 
have made two studies, previously reported, 
on the effect of potassium on the responsiveness 
of smooth muscle from large vessels. In one® 
it was noted that the response of the isolated 
rabbit aorta strip to epinephrine stimulation 
varied directly with the potassium concentra- 
tion in the bath, over a range of 0 to 9.4 mM 
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Fic. 5. Effect of high potassium on response of resistance vessel to epinephrine. Note the biphasic 
effect, a depression at 10 mM and a potentiation at 24.7 mM. 


concentration. In a study reported just prior 
to this publication, Leonard* had noted a 
somewhat greater response of rabbit carotid 
tissue to electrical stimulation after the removal 
of potassium from the bath. 

Our second study’ was a more detailed analy- 
sis of the relationship between potassium and 
vascular responsiveness designed in part to 
resolve the apparent discrepancy between our 
results and those of Leonard. The basic 
objective was to differentiate between the ef- 
fects of (1) intracellular potassium concentra- 
tion, (2) extracellular potassium concentration 
and (3) the ratio between the two. Muscle 
strips (dog carotid) were stored at +4°c. 
for 48 hours; at the end of this time the intra- 
cellular potassium concentration was in equi- 
librium with that of the surrounding bath. 
Strips were then mounted in a bath at 38°c. 
and responses to electrical stimulation were 
recorded at 15 minute intervals until a maximum 
uniform responsiveness was reached. Strips 
so treated were analyzed for potassium concen- 
tration and extracellular water volume, and 
intracellular potassium concentration was calcu- 
lated. Such studies were carried out with 
tissue in baths of different potassium concen- 
trations (from 0 to 24 mM). It was possible 
thereby to associate both changes in vascular 
responsiveness and changes in baseline tension 
with each of the three parameters: (Kj), 
(K,), (K,)/(K.). The concentration of intra- 
cellular potassium was always greater when the 
amount of potassium in the bath was greater. 
Just the opposite was true for the ratio of 
internal to external potassium: when the con- 
centration of potassium in the bath was highest 
(24 mM) the K,/K, ratio rose most slowly and 
reached the lowest steady state value. The 
following conclusions were reached in these 
studies: (1) an increase in intracellular po- 
tassium increases contractility, (2) an increase 
in intracellular potassium increases the rate of 
relaxation, (3) excitability is decreased by a 
K;/K, ratio above or below the optimal ratio, 


(4) the degree of tonic shortening depends on 
the K,/K, ratio and (5) contracture develops 
in a potassium-free environment. The results 
on which these conclusions are based constitute 
strong evidence that the potassium ion can 
influence vascular smooth muscle response both 
through its gradient across the cell membrane 
and by the direct action of its intracellular 
concentration. Furthermore, there is evidence 
that optimal K;, K, and K;/K, values exist 
and that when the levels are changed in either 
direction from the optimal, the performance of 
the muscle is impaired. 

Role of Potassium in the Contractile Response of 
Smooth Muscle from Resistance Vessels: In earlier 
experiments with conduit vessels it had been 
noted that whenever the potassium concentra- 
tion of the bath was increased above a physio- 
logic level, the magnitude of the response to 
epinephrine was increased. ‘The pattern of the 
effect of an increase in potassium concentration 
of the bath on the response of the resistance 
vessels to epinephrine stimulation is much more 
complex. The most common pattern is shown 
in Figure 5. When the potassium concentra- 
tion of the bath was increased to 10 mM, the 
contractile response to epinephrine was less 
than that at control values (4.7 mM). When 
the potassium concentration was further in- 
creased to 24 mM, however, the expected 
potentiating effect of an elevated potassium 
concentration was evident. Although this is 
the usual pattern, in some preparations which 
have been studied the epinephrine response 
was potentiated at all levels of increased po- 
tassium concentration and in other preparations 
the epinephrine response was depressed at all 
levels of elevated potassium concentration. 
These observations constitute further evidence 
of at least a dual site of action of potassium, 
depressing at one site and potentiating at the 
other. 

The implied difference between the smooth 
muscle of large and small blood vessels with 
regard to the effect of increased potassium con- 
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Fic. 6. Comparison of effects of high potassium on re- 
sponse of aorta and “arteriole” to epinephrine. Ten 
millimoles of potassium caused a potentiation of the 
aortic response and a depression of that of the resistance 
vessel. 


centration on the epinephrine response is 
emphasized by the resu't depicted in Figure 6. 
In this experiment, 3 minutes after the initia- 
tion of an epinephrine response the potassium 
concentration of the bath was increased to 10 
mM. ‘“Arteriole’’ and aorta were in the same 
bath. It is evident that in this preparation the 
increased potassium concentration caused a 
relaxation of the epinephrine contraction in the 
resistance vessel while it potentiated the epi- 
nephrine response in the aortic smooth muscle. 

The difference in the effect of potassium on the 
two types of vascular smooth muscle is further 
emphasized in Figure 7. When potassium was 
added to the bath to give a final concentration 
of 25 mM/L or greater it caused contraction 
of the smooth muscle from both the resistance 
vessel and the aorta. - However, two striking 
differences are evident between the responses 
of these two tissues. The response of the re- 
sistance vessel was rapid even at threshold con- 
centrations while that of the aorta was slow and 
persisted throughout the observation period. 
The second difference is more obvious with 
strips in higher concentrations of potassium, 
where it is evident that the initial rapid contrac- 
tion of the smooth muscle from the resistance 
vessels is interrupted by a secondary partial 
relaxation. 

Effect of Steroids on the Response of Vascular 
Smooth Muscle to Epinephrine: In studies re- 
ported elsewhere** we have noted that when 
desoxycorticosterone was present in the bath in 
low concentration (10~7 to 10-5), which caused 
no shortening of the aortic smooth muscle, it 
produced a potentiation of an epinephrine 
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Fic. 7. Comparison of responses of aorta and “‘arteriole”’ 
to KCl; arrows indicate addition of KCl to the bath; 
large numbers indicate final KCl concentration in 
mM/L. (See text for significant differences. ) 


response. Six steroids were compared for 
their ability to produce this effect. Since 
different steroids have well defined effects on 
both electrolytes and organic metabolism, 
it might be expected that such a comparative 
study would give some clue to the means by 
which desoxycorticosterone is capable of pro- 
ducing a potentiation of the response of the 
aortic smooth muscle. Furthermore, if there 
were a parallelism between the potentiating 
ability of a particular steroid and its ability to 
induce experimental hypertension, such an 
observation would constitute indirect evidence 
that the agent could produce the hypertension 
by sensitizing the vascular smooth muscle to 
adrenergic responses. However, the results 
indicated that the relative potentiating action 
of the various steroids bore no relation to their 
known physiologic action or to their ability to 
produce hypertension. 

Steroid potentiation of the epinephrine re- 
sponse was also demonstrated by a further 
contraction of the rabbit aorta when desoxycor- 
ticosterone was added during the plateau of an 
epinephrine response. Doubling the physio- 
logic concentration of potassium produced a 
similar increase in response to epinephrine. 
As in the case of desoxycorticosterone, this 
concentration does not produce contraction of 
a relaxed aortic strip in the absence of epi- 
nephrine. We believe that the response of the 
aortic strip to epinephrine can be enhanced by 
decreasing (within limits) the ratio of potassium 
inside to potassium outside of the vascular 
smooth muscle cell. When potassium in the 
bath is increased, this ratio decreases im- 
mediately and the potentiation is completed 
very rapidly. However, when desoxycorti- 
costerone is added the potentiation is very 
gradual. This is the type of potentiation that 


would be expected if it were paralleling a 
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Fic.” 8. Comparison of the effects of KCl and 
DOC§ on response of resistance vessel to epi- 
nephrine. 


gradual and progressive decrease in K;,/K, 
ratio. Since desoxycorticosterone is known to 
interfere with the entry of potassium into some 
cells, there is some basis for the hypothesis 
that the mechanism of potentiation by the 
steroids is a gradual fall in intracellular po- 
tassium concentration, thus reducing the K;/K, 
ratio. 

In view of our observations that an elevation 
in potassium concentration frequently reduced 
the response of the arteriolar smooth muscle, 
it seemed of interest to explore the action of 
desoxycorticosterone on the epinephrine re- 
sponse of these resistance vessels. Figure 8 
is the record of such a study in which the 
typical depression of an epinephrine response 
was observed when the potassium concentration 
of the bath was increased. No such depres- 
sion of an epinephrine response was observed 


when desoxycorticosterone was added to the 
same muscle preparation. This use of de- 
oxycorticosterone as a clue for the positioning 
of a fragment of the jigsaw puzzle, relating the 
effect of potassium to the contractile process of 
vascular smooth muscle, demonstrates mainly 
that the relationships are extremely complex 
and that there is great individuality between 
the responses characteristic of vascular smooth 
muscle from different sites. 

Effect of Sodium and Calcium on the Response of 
Vascular Smooth Muscle to Epinephrine: In an 
earlier study* we have demonstrated that an 
increase in sodium concentration in the sur- 
rounding bath causes a depression of the vascu- 
lar smooth muscle response to epinephrine, 
whereas a decrease in sodium concentration 
below that of the normal bath results in a 
potentiation of the response. Recently we have 
observed similar effects in the response of smooth 
muscle from the resistance vessels to shifts in 
sodium concentration in the bath (Fig. 9); 
the potentiation associated with a decrease in 
sodium concentration is evident. 

The requirement for calcium in the response 
of vascular smooth muscle to epinephrine seems 
to parallel its essential role in the contractile 
process of other muscle tissue. In Figure 10 
it is evident that lack of calcium causes pro- 
gressive decrease in response of smooth muscle 
from both the aorta and the resistance vessels. 
Much evidence has been advanced’ associating 
the calcium ion with the coupling between the 
membrane excitatory process and the contrac- 
tile protein. It has further been suggested® 
that in this coupling process, calcium cations 
compete with sodium cations for anionic 
binding sites. A decrease in sodium would 
make more of these anionic sites available to 
calcium and therefore enhance the contractile 
response. ‘This hypothesis is in keeping with 
our observations on the effect of various sodium 
concentrations on the response of vascular 
smooth muscle. Admittedly such an _inter- 
pretation is indirect; however, it attracts us as 
the only interpretation related to basic observa- 
tions on the contractile process of muscle tissue 
which is in keeping with the common observa- 
tion that the constrictor response of smooth 
muscle is potentiated by a decrease in sodium 
concentration.’ Interpretations which relate 
the low sodium potentiation to a reduction in 
the Na,/Na; gradient!’ have no basis in our 
current understanding of the contractile process 
of muscle. 
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Effect of low sodium on response of resistance vessel to epinephrine. 


The response is potentiated by a reduction in sodium concentration. 
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Fic. 10. Effect of no-calcium on response of aorta and 
‘‘arteriole’’ to epinephrine. The response of both is de- 
pressed in the absence of calcium. 
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CONCLUSIONS 


Finding the answer to any question must 
begin with the development of an understand- 
ing of the.problems involved. It will be of 
great help in positioning the electrolyte frag- 
ments of the jigsaw puzzle that will picture 
the contractile process of vascular smooth 
muscle, to recognize the various components 
of the over-all contractile process. Major 
assistance in this understanding can also be 
found in the rapidly developing area of phys- 
iology of other types of muscle. This philo- 
sophic approach io the solution of the problem 
must be tempered by an expectation of real 
or apparent differences, not only between 
vascular smooth muscle and other muscle, 
but also among vascular smooth muscle prep- 
arations from different sources. When a 
mechanical response is used as a parameter for 
evaluating the effect of a certain ion, it must 
be realized that this parameter is the result of a 
chain of events and that the ion involved may 
influence several of the links of this chain. 
Evidence cited in the current study suggests that 
an increase in potassium concentration may en- 
hance the function of one of these links and 
depress that of another. The net result, evi- 
denced in the contractile response, will depend 


OCTOBER 1961 


on the relative influence of the ion on the two 
links and also on the importance of the particular 
link as a “‘rate limiting’’ factor in the response. 


SUMMARY 


The following observations of the effect of 
imposed alteration in electrolyte composition 
on the contractility of vascular smooth muscle 
emphasized the complexity of the processes 
involved: 

1. Studies based on the relation of changes 
in mechanical performance in response to 
changes in intracellular potassium (K,) and in 
the K;/K, ratio constitute strong evidence that 
the potassium ion can influence vascular 
smooth muscle response both through its 
gradient across the cell membrane and by 
direct action of its intracellular concentration. 

2. While an increase in potassium concen- 
tration in the bath causes only an increase in the 
magnitude of response of smooth muscle from 
large conduit vessels, the effect of an increase in 
potassium concentration on the response of 
resistance vessels is usually biphasic, small 
increases depressing and larger increases po- 
tentiating the response. These observations 
constitute further evidence of at least a dual 
action of potassium. 

3. Six steroids were compared as to their 
ability to produce a potentiation of an epi- 
nephrine response. The relative potentiating 
action bore no relation to their known physio- 
logic effects or to their ability to produce hy- 
pertension. 

4. A decrease in sodium concentration in 
the bath causes an increase in the responsiveness 
of smooth muscle from both conduit and re- 
sistance vessels. 

5. A decrease in calcium in the bath results 
in a decrease in the responsiveness of smooth 
muscle from both of these vessels. 
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A Closer Look at the Problem of Vascular 
Reactivity of Isolated Aortic Strips’ 


Davip B. GorDON, PH.D. and ALFRED T. NOGUEIRA 


Miami, Florida 


NE OF THE fundamental questions concern- 
() ing the nature of hypertension, both 
experimental and clinical, is what is responsible 
for the greater degree of constriction of the 
arterioles in the hypertensive subject. There 
is much indirect evidence supporting the theory 
that the arterioles of the hypertensive person or 
animal are more sensitive to vascoconstrictor 
agents than those of the normotensive person 
or animal. However, direct proof is still 
lacking. On the assumption that the aorta of 
the rat might respond in a manner similar to 
that of the arterioles of the same animal, Redleaf 
and Tobian' and Mallov’ have tested in vitro 
the responsiveness of a strip of rat aorta to nor- 
epinephrine, comparing strips from hypertensive 
rats with strips from normotensive rats. Both 
investigators found the aortic strips from hyper- 
tensive rats no more sensitive or actually less 
sensitive than the aortic strips from normal rats. 
These results cast some doubt on those theories 
which propose hyperresponsiveness of blood 
vessels as a causal factor in hypertension. 

It occurred to us that the results of such ex- 
periments might be different if the possible 
influence of initial length on the responsiveness 
of the smooth muscle of the aortic strips were 
considered. The aortic wall of the hypertensive 
animal is continuously subjected to about twice 
the tension exerted upon the normal aortic 
wall (according to LaPlace’s law, tension = 
pressure X radius); therefore, it might be 
supposed that the hypertensive vessel would 
have a higher optimum initial tension for ex- 
hibiting its maximum responsiveness than the 
normal vessel. It has been shown for various 
types of smooth muscle that, just as in the case 
of skeletal muscle, there is a length-tension 
curve with a maximal strength of isometric 
contraction at a certain initial length and a 
corresponding initial tension. This has been 


shown for uterine muscle by Csapo and Goodall,’ 
for the retractor penis muscle by Winton‘ and 
for the pharyngeal smooth muscle of the snail 
by Abbott and Lowy.' More pertinent to the 
problem at hand, it has been shown by Ducret® 
to apply to strips of carotid artery when stimu- 
lated by epinephrine. 


METHOD 


To test our hypothesis, we have followed fairly 
closely the technic of Redleaf and Tobian,! cutting a 
thoracic aorta from a rat, into a helical strip and ex- 
posing the strip to norepinephrine (10~7 molar )in 
a bath of Krebs-Ringer solution containing Ver- 
sene® (ethylenediaminetetraacetic acid tetrasodium 
salt) (10-* molar). The bath fluid was aerated with 
95 per cent oxygen, 5 per cent carbon dioxide and 
kept at a temperature of 36.5°c. In order to be sure 
of the width of the spiral strip it was trimmed to 
uniform dimensions by cutting along each side. 
The recording apparatus consisted of a flat steel 
band fixed at one end and attached at the other end 
to a lever arranged to amplify its movement. The 
aortic strip was fixed to a hook immersed in the bath 
and the other end was tied by nylon thread to the 
steel band at a point about 18 cm. from its point of 
fixation. The movements of the aortic strip were thus 
amplified about twenty-five times and recorded on a 
kymograph. 

The length of the strip ranged from 30 to 36 mm. 
at zero tension. The contractions were nearly iso- 
metric; the maximum shortening which occurred 
being less than 2 per cent of the length of the strip. 
An important difference between our technic and 
that of Redleaf and Tobian! was that our rats were 
given a large dose of Nembutal® (pentobarbital 
sodium) (60 mg. per rat) prior to exsanguination. 
With our technic it was not necessary to use sodium 
nitrite to insure relaxation and responsiveness of the 
aortic strip. The strip was allowed to relax in the 
bath for 11/2 hours and was then tested at 45 minute 
intervals by the addition of norepinephrine to the 
bath. Fifteen minutes were allowed for full contrac- 
tion to occur and then the bath fluid was replaced 


* From the Department of Physiology, University of Miami, School of Medicine, Miami, Florida. 
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Fic. 1. Record of tension developed in a hypertensive rat aortic strip at suc- 
cessively increased initial tension. V = Versene added to bath to make a 
concentration of 10~' molar. NA = noradrenaline added to bath to make a con- 
traction of 10-7 molar. Time between additions of NA = 45 minutes. 


twice by fresh Krebs-Ringer solution. Prior to each 852 mg. (average of four experiments). These 


addition of norepinephrine the tension exerted upon figures are based on a strip width of 3mm. If 
the resting strip was set at some new value and the the width of the resting strip differed from 3 mm. 
the actual tension developed was multiplied by 


A total of eight experiments have been successfully 
carried out thus far. The aortas of four normotensive 
rats and of four hypertensive rats have been tested. 
The normotensive rats were three unoperated control 
animals and one animal which was not hypertensive 


the fraction 3 mm. divided by width in milli- 
meters. The optimum initial tension, i.e., the 
tension at which the maximum response to nore- 
pinephrine was observed, was 36 gm. per cm. 


in spite of constriction of the renal arteries. The hy- (average) in the aortas of the hypertensive rats 
pertensive rats had been subjected to constriction of and 19 gm. per cm. (average) in the aortas of 
one renal artery and their hypertension had per- the normotensive rats. The actual width of 
sisted for 3 to 4 months prior to the testing of their _—_— each strip at different lengths was measured at 
Boreas. the end of each experiment. 
RESULTS CONCLUSIONS 

The results (Figs. 1 and 2; Table 1) indicate Our results indicate that the aorta of a hyper- 
that the aorta of the hypertensive rat is more tensive rat is more sensitive to norepinephrine 
sensitive than that of the normotensive rat. than is the aorta of a normotensive rat, in the 
The maximum tension exerted by the aorta sense that it exerts a greater force when 
of a hypertensive rat, at its optimal initial excited by the same stimulus. However, 
tension, when exposed to 107’ molar norepi- this result does not take into account the 
nephrine is 1,227 mg. (average of four experi- thickness of the strip, only its length, width and 
ments). The maximum tension developed the tension it develops. If the hypertensive 
by the aorta of a normal rat at its optimum is aortic strip should be thicker than the normo- 


tensive, it might be that the greater force is 


TABLE I 


3 
Maximum Tension Optimum Initial 4 of ; 
Developed Tension i200} 
3 ridth | ( m./cm. HYPERTENSIV 
(mg per 5 mm. wi ) / ) ft ERTENSIVE 
Normal Hypertensive | Normal | Hypertensive 2 
Rats Rats | Rats Rats 
| 400k NORMOTENSIVE 
900 1010 18 | 43 5 
730 1500 12 36 < + 
870 937 | 28 32 10 20 30 40 50 
910 1460 18 33 INITIAL TENSION GM/CM 
* * * * 
Fic. 2. Effect of initial tension on norepinephrine 
induced contraction of aortic strips from a hy- 
* Average value. pertensive rat and a normotensive rat. 
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merely proportional to the greater amount of 
tissue. Preliminary measurements support this 
idea; the hypertensive aorta is, indeed, thicker- 
walled. This does not controvert our original 
conclusion that the hypertensive aorta is more 
sensitive; it means (if thickness and response are 
proportional) that the hypertensive aorta is 
more sensitive because it is thicker. We suspect 
that, per unit cross sectional area of smooth 
muscle tissue, the force developed on exposure 
to norepinephrine remains the same. This 
would fit very nicely into Conway’s’ concept 
of a nonspecific increase of sensitivity in the 
cardiovascular system of the hypertensive animal. 


SUMMARY 

The responsiveness of isolated strips of rat 
aorta to norepinephrine was measured, a 
comparison being made between strips from 
rats with chronic (three to four month) renal 
hypertension and from rats with normal blood 
pressure. It was found that the strips from the 
hypertensive rats were more responsive than 
those from the normal rats. The maximum 
tension developed upon exposure to 10~7 molar 
norepinephrine in a bath of Krebs Ringer 
solution was 1,227 mg. and 852 mg. (average 
of the hypertensive and normotensive group 
respectively). It was also shown that the 
smooth muscle of the aortic strips exhibits a 
length-tension relationship with a definite 
optimum initial length and corresponding initial 
tension. It is necessary to set up a sufficient 


initial tension prior to adding the norepi- 
nephrine in order to reveal the true maximal 
responsiveness of the aortic strip. We believe 
that previous investigations comparing aortic 
strips from hypertensive and normotensive 
animals failed to reveal a greater responsiveness 
of the hypertensive because this necessary 
prerequisite was overlooked. The results re- 
ported here support the hypothesis that vascular 
hyperreactivity is an important and possibly a 
causal factor in hypertension. 
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Panel Discussion 
Chairman: Melvin J. Fregly 


DISCUSSION OF PAPERS BY MENEELY, LEMLEY-STONE AND DARBY; 


OVERBECK, MOLNAR AND HADDY; 


MALLOV; BOHR AND GOULET; AND GORDON AND NOGUEIRA 


Me Frecty (Gainesville, Fla.): The ground 
rules for this discussion will be that anyone may ask 
a question of any participant no matter when his 
paper has been given and you may carry over any 
questions or rebuttals to the afternoon session. Dr. 
Weller will lead off the discussion. 

Joun Wetter (Ann Arbor, Mich.): I wish to 
present some information concerning ‘‘Meneely-type” 
hypertension, if Dr. Meneely will forgive my using 
his name in that fashion. ‘The studies were actually 
carried out by a medical student, Arthur Haight, 
and were concerned primarily with the study of the 
plasma and tissue electrolytes of rats given excess 
sodium chloride in their food. About 3 or 4 years 
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ago Dr. Meneely told me that he had not had the 
opportunity to study the tissues of his rats although 
he had done some total body electrolyte studies. 

I give this information rather apologetically be- 
cause Dr. Meneely can talk in terms of 825 rats; 
whereas, we are talking of only thirty-five male 
Sprague-Dawley rats, divided into three groups and 
given three concentrations of salt 2.8, 5.6 and 8.4 per 
cent added to the food. We followed these rats 
for 55 weeks, a little over a year. With increasing 
percentages of salt in the food, the rats failed to gain 
weight normally. We tried to produce hypertension 
by this method, but unfortunately, over the period 
of 55 weeks, we did not find any differences in the mean 
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blood pressures of the three groups. I do not know 
the reason for our results differing from Dr. Meneely’s, 
and I hope he will have some suggestions. Dr. 
Tobian told me he had added sodium chloride to the 
food of some rats for 2 months and didn’t note any 
differences in blood pressure, but perhaps that was 
too short a time. 

At the end of the 55 weeks, we examined these rats 
and found the following alterations in electrolytes: 
The plasma sodium was similar in all three groups, 
but the plasma potassium tended to be lower in the 
rats receiving the higher percentages of salt. The 
total water, chloride, sodium, potassium and cal- 
culated extracellular fluid volume (assuming all 
chloride is located extracellularly) in skeletal and 
heart muscle showed minor differences among the 
three groups. The methods were essentially those 
used by Lowry and Hasting (J. Biol. Chem., 144: 
637, 1942). It is very interesting that the aorta 
showed some definite trends. The total water con- 
tent was lower in the rats ingesting the higher per- 
centages of salt. In view of this finding, it was sur- 
prising to us that the chloride, sodium and potassium 
contents of aorta were higher in animals receiving 
the higher percentages of salt. I am talking in terms 
of per kilogram of fat-free, wet tissue. If one ex- 
presses this, as Dr. Tobian has, in terms of dry tissue, 
it would accentuate the differences. As the total 
water goes down, the concentration of the electrolytes 
goes up. 

I would like to open the discussion by asking if 
others have carried out this type of salt-feeding 
experiment, which is an expensive and tedious one, 
as Dr. Meneely has indicated. I wonder if Dr. 
Meneely or others have done any further electrolyte 
studies on the tissues of their animals. 

GeorcE MENEELY: I would like to comment only 
in part as later on in the seminar I will report on our 
tissue analyses of both sodium and potassium. I am 
surprised about the blood pressures because a great 
many other people have fed salt to rats and have 
gotten a rise in blood pressure. What method was 
used for measuring blood pressure? 

JoHN WELLER: We were using the microphonic 
manometer technic of Friedman and Freed (Proc. 
Soc. Exper. Biol. Med., 70: 670, 1949). 

Georce MENEELY: This has been used by us and 
by others who have found hypertension. I think Dr. 
Dahl has some hundreds of rats that have become 
hypertensive using salt and we have over a thousand 
rats made hypertensive by sait feeding. Our 
colleague at the Meharry Medical College, Dr. John 
Thomas, also has several hundred rats made hyper- 
tensive by this method. What strain of rats was 
used? 


JoHN WELLER: When 


Sprague-Dawley males. 


we bought them they weighed 100 gm. Before we got 
started, they weighed 180 gm. 
from then on. 

Georce MENEELY: Twelve months or 55 weeks is 


We followed them 
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plenty of time. In 9 months they ought to be hy- 
pertensive. 

JoHN WELLER: Your older rats still showed the 
elevation of pressure, did they not? 

GerorcE MENEELY: Yes, we found they were hyper- 
tensive too. Did you look at the tissues microscop- 
ically? 

JoHN WELLER: No, we did not. 

GeorGE MENEELY: I would suppose you would 
find quite a bit of arteriolar disease. 

FLoyp Sketton (New Orleans, La.): In some of 
our early studies on adrenal regeneration hyperten- 
sion we were struck by the effect of age on the de- 
velopment of this form of experimental hypertensive 
disease. When adrenal enucleation is performed on 
weanling rats of about 50 gm. body weight, hyper- 
tension develops quite readily. However, if the 
adrenals are enucleated when the rats are several 
weeks older, that is, at a body weight of 200 or 
220 gm., adrenal regeneration hypertension does 
not develop. Under these conditions the saline 
intake of the older animals also fails to increase as it 
does in the young animals and may explain the 
inability of hypertensive disease to develop in such 
rats. [he question still remains, however, as to why 
this occurs. 

Ko etsxy (Cleveland, Ohio): How long did 
you follow them? 

FLoyp’ SKELTON: We followed those for about 2 
months only. 

Smmon Ko.etsky: Was that adequate? 

FLoyp SKELTON: Well, it was adequate for com- 
parative purposes since our intent was to demonstrate 
that hypertension does not develop within the same 
period in young animals. Recently we have done 
some experiments in which the sodium content of 
the diet was varied. When the diet contained 2.5 per 
cent NaCl the hypertension did not develop in the 
control animals and the blood pressure of those 
bearing regenerating adrenals was only slightly 
higher. Ona 5 percent NaCl diet the blood pressure 
of control rats rose to minimal hypertensive levels, 
about the same as that observed in animals with 
regenerating adrenals and eating a 2.5 per cent 
sodium chloride diet. On the other hand, animals 
bearing regenerating adrenal tissue and eating a 5 
per cent NaCl diet became markedly hypertensive 
with systolic blood pressures between 190 and 200 
mm. Hg. When the diet contained 10 per cent 
NaCl, hypertension of about the same severity as that 
seen in the rats bearing a regenerating adrenal and 
eating the 5 per cent NaCl diet developed in control 
animals. ‘Thus, there seems to be an additive effect 
between the hypertensive potential of salt alone and 
adrenal regeneration alone. The presence of re- 
generating adrenal cortical tissue just about doubles 
the hypertensive potential of any given dietary intake 
of NaC] 

Smon Ko tetsxky: I will report some data on rats 
which drink salt instead of eating it; in other words, 
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long-term salt hypertension with animals having 
intact kidneys and given 1 per cent salt to drink in- 
stead of water. It might be appropriate to make a 
few references to this in relation to the points that 
have arisen. 

In our experience, no matter how much we load 
rats with salt, it is very difficult to achieve a 100 per 
cent success in elevating the pressure. For example, 
in rats drinking saline all their lives, the incidence of 
hypertension in about 60 per cent. This means that 
hypertensive cardiovascular disease did not develop 
in 40 per cent which have been “drowned” with salt. 
There are vagaries that govern the consideration of 
incidence. If the diet is of the standard pellet form 
and a rat drinks 1 per cent NaCl, the total amount of 
salt intake daily would be something like 2 gm., which 
is in the low range of salt diet Dr. Meneely is talking 
about. These rats usually have polydypsia and 
drink about 100 cc. of 1 per cent saline daily. This 
has been a highly effective method of producing 
hypertensive cardiovascular renal disease and we 
should emphasize the vascular component. We 
ought to keep in mind that the hypertension is only 
one of the lesions that is being produced. 

I would like to refer to Dr. Weller’s observation on 
electrolytes. ‘That the heart and skeletal muscle 
may not be significantly altered with respect to 
electrolyte content has been the experience of a num- 
ber of people including a brief venture of our own 
into this area. ‘Tissues of hypertensive rats vary in 
electrolyte concentration, and apparently certain 
tissues, skeletal muscle being one of them, may not 
be significantly altered. For example, we have not 
been able to demonstrate an increase in the water 
content of the heart in hypertensive rats, whereas the 
aorta and the mesenteric vascular bed show a very 
significant accumulation of water plus a significant 
accumulation of potassium. Our data on the mesen- 
teric arteries, as I will report later, verify Dr. Weller’s 
data. In the vascular bed, there are certain specific 
changes in hypertensive rats that seem to be signifi- 
cant. 

Lewis Dani (Upton, New York): We have ex- 
plored the question of age and I think it is critical. 
If we were to use a small group such as Dr. Weller 
used and wait until they weighed 200 gm., we would 
expect to get not more than one or two with a modest 
hypertension even within a year. If he had taken 
those same animals and started them as weanlings, 
based on our experience with female Sprague-Dawley 
rats, he would have found 60 to 75 per cent with some 
degree of hypertension at the end of 1 year. 

Regarding this “concentration game,” I think that 
the day of concentration as an indication of some kind 
of disease is, for all practical purposes, over. It has 
played an important role up to the present time 
because we did not have better methods of actually 
studying what was going on. But the failure to find 
differences in concentration of ions does not indicate 
that these noxious agents do not play an important 
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role in the disease process. At the elementary level, 
if you were to study an animal that had received a 
good many “‘r”’ of radiation, you would not be able 
to find “r’’ in the tissue, but you would find a good 
deal of damage. By the same token, in diabetes 
concentration frequently does not help you very much, 
but when you go over to a more dynamic means of 
measuring blood sugar, you do find that there is evi- 
dence of disease. I would like to conclude by making 
an appeal to something dynamic, like flux, which 
might be more important to study than concentra- 
tion. 

ARTHUR GROLLMAN (Dallas, Texas): The use of 
isolated tissues in the attempt to elucidate the patho- 
genesis of hypertension suffers from a very funda- 
mental weakness. You are studying the end result 
of disease! One might as well study the tissues of a 
drowned man to see what motivated his jumping into 
the water! I think we can accept the view that 
hypertension is a systemic disease which has caused 
the changes which are being observed in the tissues. 
The contradiction in the various findings reported this 
morning reflects the fundamental weakness in such 
studies. For example, Dr. Haddy’s work would cer- 
tainly cast doubt on the theories expressed regarding 
the significance of small sodium differences inside 
and outside of the arterial walls. Likewise, Dr. 
Mallov’s results cast doubt on the significance of the 
claim that the blood vessels are more reactive in hy- 
pertension! Before one can imply the genesis, one 
should study, not the end result of the process which 
we know has occurred, but vessels in the animal be- 
fore hypertension has developed. You will say 
this is impossible, but it can be done. It has been 
shown this morning that the younger the animal the 
easier it is to induce hypertension and I think this isa 
very vital point. Start before you wean the rats and 
you will get a higher percentage of hypertension. 
When you feed salt, or deprive the rats of potassium or 
choline, or you do any of a variety of procedures 
(these are the three we have used), these animals will 
have hypertension when they reach 6 months to a 
year in age. ‘These are the kinds of rats you ought to 
utilize. Then, if you can detect some difference in 
reactivity, difference in composition, etc., one is 
justified in saying something about the relationship 
of these findings to the pathogenesis of hypertension; 
otherwise, the results may be interesting and the work 
commendable, but they offer no grounds for implying 
any pathogenetic relationship to hypertension. 

SypNEY FRIEDMAN (Vancouver, Canada): With 
regard to the work on salt-feeding hypertension, I 
would like to call attention to a point which McCance 
and Morrison (Quart. J. Exper. Physiol., 41: 365, 1956) 
raised some time ago with regard to experiments of 
this type which contain a double variable. The 
variables here are salt and water. It is quite true 
that the animal fed more salt, drinks more. In my 
limited experience I have noticed that this does not 
quite cover the rat’s extra intake of salt as it keeps 
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going up the scale. Has anyone reversed the field 
and looked at the water in relation to salt? 

With regard to Dr. Haddy’s elegant work, I would 
like to underline something which Dr. Haddy himself 
did mention, that is, the importance of not confusing 
the data which are valid and the interpretations which 
may be drawn from them. ‘There is no question of 
the validity of his data. Many people agree with 
this point about hyperosmotic loading and the effects 
on peripheral resistance. To mention a few of the 
individual items, we can agree that the hyperosmotic 
effect can clearly not be differentiated from an effect 
on the intracellular concentration of ions, either 
sodium or potassium, as Dr. Haddy pointed out. The 
infusion of isotonic KCl raised no tonicity problem 
whatsoever, but when viewed in the light of cur- 
rent theories of ionic distributions and electrical po- 
tentials, it is quite clear that an effect of potassium 
is not to be expected if potassium concentration is 
raised to only 6 or 7 mEq. per L. Its depolarizing 
effect becomes logarithmic in isolated tissues when 
the concentration reaches 30 mEq. per L., which is 
very high. It only begins to show up at about 10 
mEq. per L. The importance of this is not to decry 
the experiment, but to point out that the experiment 
is limited. One cannot raise the potassium concen- 
tration to 10 mEq. per L. or above in vivo because 
then one gets a systemic effect and defeats the purpose 
of the whole experiment. So, the procedure is not 
amenable to this type of experimentation. In a 
limited trial which we made using sodium electrodes 
in a setup similar to Dr. Haddy’s, sodium and po- 
tassium electrodes were placed in the venous effluent 
and various ions in similar concentrations were infused 
into the hind limb of a dog. We found that it is 
totally impossible from any rule we know to predict 
what will actually react the cell in regard to what one 
puts in at one end. We have been surprised quite 
often. You cannot alter potassium without manipu- 
lating water and sodium and you cannot manipulate 
sodium without manipulating potassium and water; 
and so it goes, round and round. When you add 
this to the problem of the events inside the cell, we 
can see that the interpretation of perfusion experi- 
ments is valid as far as it goes, but must not be pushed 
to the point of having direct reference to the specific 
transmembrane ionic distributions involved. Dr. 
Haddy made this point in summarizing his own work 
and pointed out the possibilities that one has to 
consider as to how this is working. 

Dr. Bohr raised several points. He has used a 
rather nice technic of cooling and rewarming, a 
familiar biochemical technic, for causing a shift in 
the dynamic equilibrium inside and outside the cell. 
I wanted to ask him whether these vessels constrict 
in the cold; we noted that the vessels constricted as 
potassium leached out of cells in the cooled tissue. 
The sodium presumably enters the cells and then 
when one rewarms the tissues and gains back the 


potassium, the sodium comes out. 
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Now as to technic in general—Dr. Bohr’s point 
about using an arteriole if possible is, I think, essential. 
One has to be careful with aorta strip-taking. Even 
with a small vessel you may still be in difficulties be- 
cause of not applying the natural manner in which 
those vessels work. As an anatomist, I may be for- 
given if I remind you all that for a muscle to exert 
its function it must have an origin and an insertion. 
If you have smooth muscle cells divorced from both 
origin and insertion, no matter how one cell pulls on 
another, their insertion has been altered. Burton 
and Stinson (J. Physiol., 153:290, 1960) have drawn 
attention to this. ‘They have returned to using rabbit 
ears. I have a longer background perhaps in spend- 
ing time on this technic and I don’t think I would like 
to start on rabbit ears again, but he does underline 
the problem which I think is an important one. 

Davip Bour: I would like to comment on the 
constriction in the cold; actually our vessels relax in 
the cold. Incidentally, we use rings of tissue as well 
as helical strips and with similar results. We put 
a hook on either side of the ring so that their proper 
geometry should be maintained. 

I feel advised to defend the isolated ‘‘vesselologist”’ 
against Dr. Grollman’s philosophy about drowning 
and hypertension. If you examine a drowned man 
to find why he is dead, you find that his heart isn’t 
beating and that he isn’t breathing and this is the 
reason he is dead. If you examine a hypertensive 
subject, the reason you are investigating is to find the 
hemodynamic basis for the maintained pressure 
elevation. Why is the total peripheral resistance 
elevated in this subject whose pressure is still up? 
This is our concern. 

Epwarp RapForp (Boston, Mass.): Apropos of 
water and electrolyte, I would like to ask the “‘vessel- 
ologists” a question. Is this increasing vessel cell 
mass that is described hypertrophy or is it hyperplasia? 

Davip Gorpon: One of the references I looked up 
prior to coming here was by Kernohan and associates 
(Arch. Int. Med., 44:395, 1929). It is a histopatho- 
logic study of arterioles in hypertension. ‘They found 
both hypertrophy and hyperplasia. There were 
more nuclei. ‘The cross section of the vessel structure 
showed an increased thickness of the media. It is 
probably both. 

Francis Happy: I agree in general with the re- 
marks of Drs. Friedman and Bohr. However, I 
would like to continue Dr. Friedman’s discussion of 
potassium. We observe a measurable change in 
resistance to flow through the limb when we raise the 
serum potassium level over the range of 4 to 5 mEq. 
per L. In other words, changing potassium concen- 
tration from the normal level of 4 up to a level of 5, a 
change of just 1 mEq. per L., will produce a measur- 
able decrease in resistance to flow. When we reach a 


range above 8 mEq. per L., we observe a reversal of 
response; resistance then starts to increase again and 
may reach a level higher than the control value. 

Dr. Meneely, has anyone ever given rats or any 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Panel Discussion 563 


other animal a hypertonic solution of dextrose for 
periods equivalent to those you gave solutions of 
sodium chloride? In other words, has anyone given 
equally hypertonic dextrose and followed blood 
pressures of rats for many months to see if hyper- 
tension develops in these animals? I think the effect 
of sodium chloride is indirect through its ability to 
move water and that the same results might be 
achieved with any hypertonic solution. 

GreorRGE MENEELY: You understand we fed 
rats salt; they drank distilled, demineralized water. 
Someone asked me what about the fluid, and that is a 
good question. We designed an experiment but 
never did it; that is, to see if we could vary the water 
without varying other things. Salt does vary water 
intake but it varies a lot of other things too; the 
rats themselves are variable. We thought of taking 
some soluble food and providing it for different 
animals in successive dilutions, a purely liquid diet. 
In order to get calories, the rats would have to take 
additional fluid. Perhaps this would do it. It may 
be that something is being washed out with all the 
extra water. 

Another slant on this is an experiment which we 
designed but did not do; that is, a study of the gastro- 
intestinal flora. In the last analysis, salt in the gut 
may be an important contributing factor. The 
greatest amounts of salt are ingested via food in which 
salt is used as a preservative. The highly salted 
foods do not grow the same flora that grow with 
unsalted foods. It might be that the activities of 
the micro-organisms in the gastrointestinal tract are 
to blame for the results. It’s a possibility. 

Haut (Galveston, Texas): Dr. Weller 
stated that the tissues were examined microscopically. 
Have you weighed the hearts? We have done this, 
and we and others have noted that hypertensive 
animals tend to have large hearts, particularly large 
left ventricles. 

I agree with Dr. Grollman that if one is looking at a 
hyperplastic and hypertrophic aorta resulting from 
sustained high blood pressure over a long time, one 
cannot expect to find in that tissue either the cause of 
hypertension or the factor which caused the change 
in the vessels. That one can expect to find how much 
such a vessel must contribute to a sustained high bleod 
pressure seems reasonable, but since the vessel change 
itself is a result of high blood pressure, I don’t see 
how we can find in it the cause of high blood pressure. 
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JoHN WELLER: We did not weigh the tissues or 
examine them microscopically because Dr. Meneely’s 
group had done this so thoroughly. Our study was 
not intended to repeat what Dr. Meneely had done. 
I’m glad my provocative remarks stirred things up a 
bit. Having made them, I'd like to soften them. I 
think there are many reasons why we did not get 
hypertensive animals; I don’t think that is the im- 
portant thing about the experiment. I agree with 
Dr. Koletsky that the saline drinking water experi- 
ments are quite effective; we too had about two out of 
three animals in which elevated pressure with this 
type of procedure developed. I can comment on 
our tissue findings in these animals after he tells about 
his work later today. 

Dr. Grollman, I was not implying pathogenesis, 
but I think it is interesting that sodium, potassium 
and chloride were increased in the aortae of animals 
fed high salt diets as well as of those drinking sodium 
chloride solutions. These animals are nonhyper- 
tensive in the first instance and hypertensive in the 
second. In both groups we have findings similar to 
what Dr. Tobian found in many different types of 
experimental hypertension. 

Louis Tostan (Minneapolis, Minn.): We were 
discussing the salt versus the water intake. Rodbard 
(Proc. Council High Blood Press. Res., 6: 7, 1957) varied 
the water intake in relation to salt in chickens eating 
a lot of salt and noted that these were hypertensive 
whether or not the salt was combined with a lot of 
water. In other words, hypertension resulted both 
when the salt was isotonic and when it was hypertonic. 

Dr. Radford brought up the question of the effect of 
hypertrophy on salt concentration in the little vessels. 
We have recently completed a study in which a group 
of both normotensive and hypertensive animals 
had a comparable degree of small vessel hypertrophy. 
Therefore, we could compare the effect of hyper- 
tension or the lack of it on vessels that were similarly 
hypertrophied. ‘The hypertensive vessels did have 
more sodium than the vessels of the normotensive 
animals even though the degree of hypertrophy was 
the same. 

Howarpb Swann (Galveston, Texas): I can’t resist 
playing a little game of one-upmanship on Dr. 
Friedman since he is so widely read. ‘The question 
of how hypertensive rats handle salt and water was 
investigated by Ezrow and Sapirstein (Am. J. Physiol., 
194: 436, 1958). 
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T IS NOW well established that salt plays a 
I central role in the hypertensive process. 
A half century of indirect evidence obtained 
from both animals and man has culminated in 
the effective use of salt-depleting agents as 
standard therapy in the treatment of the hy- 
pertensive patient. 

Much less progress, however, has been made 
in understanding the mechanisms underlying 
the evident relation between hypertension and 
sodium. Tobian and Redleaf! have suggested 
the intriguing possibility that the intracellular 
accumulation of sodium in vascular walls might 
cause water logging and mechanically narrow 
the lumen of peripheral vessels. Raab? has 
suggested that an increase in intracellular sodium 
relative to extracellular sodium could increase 
the sensitivity of vessels to catecholamines and 
this might underly the hypertensive process. 
We have considered the dynamic equilibrium 
between extracellular and intracellular ion 
distribution to be itself a sufficient determinant 
of vascular tension.* The idea, implicit in our 
position, that membrane polarization is related 
to tonus was first explicitly stated by Bacq and 
Monnier‘ 25 years ago and has since had many 
advocates.® 

It is against the background of these related 
theories that we propose to discuss the investi- 
gation of the association between acute changes 
in blood pressure and exchange of electrolytes. 
Although these studies are all comparatively 
recent and stem from different laboratories, 
the findings are quite clear cut and fit neatly 
together. 


SeERuM K AND NA FOLLOWING VASOPRESSOR 
Drucs 


Perhaps the earliest report of a relation be- 
tween ionic concentration in the serum and a 


* From the Department of Anatomy, The University of British Columbia, Vancouver, Canada. 


pressor agent was that of D’Silva® in 1934. 
He reported that following the intravenous 
injection of 50 wg. of epinephrine or ten units of 
Pitressin® (vasopressin) in the cat, serum po- 
tassium rose sharply as much as 3 mEq. per L. 
within 1 minute. Since these massive doses 
also caused a rise in blood sugar, he related the 
potassium rise to the glycogenolytic effect of 
the injections rather than to the blood pressure 
effect. This explanation for the rise of po- 
tassium remained unchallenged and uncriti- 
cally accepted for almost two decades. 

In 1953, O’Brien, Murphy and Meek’ 
obtained curves showing the rise of plasma 
potassium after rather low doses of norepine- 
phrine, 5 wg. per kg., in dogs (Fig. 1). Although 
norepinephrine does not have any marked 
effect on the mobilization of glucose and al- 
though these authors pointed out that it is 
blocked by Dibenamine,® which would not 
block a glycogenolytic effect, the original ex- 
planation still persisted. O’Brien and _ his 
associates also pointed out that the choice of 
anesthetic modified the effects (Fig. 2), ether 
being the worst as far as blurring the effect, 
cyclopropane affecting it least, and Nembutal® 
(pentobarbital sodium) being a close second 
best. ‘These important observations were, un- 
fortunately, ignored by most later workers 
including ourselves. (In our more. recent 
studies we have found the effects considerably 
sharpened if a barbiturate mixture is used 
instead of ether.) 

In the next year, Muirhead, Goth and Jones® 
restudied the problem. They administered 
norepinephrine by infusion in total doses of 1 
to 7 mg. per kg. in 50 to 180 ml. of saline over 
periods ranging from 20 to 50 minutes. Con- 
cerning their results they wrote: “In many of 
the experiments the sodium curve represents an 
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Fic. 1. Effect of a series of sympathomimetic amines on 
plasma K concentration in the dog. WT = ventricular 
tachycardia; NVEXS = numerous ventricular extra- 


systoles. From: O’Brten, G. S., Murpny, Q. R., Jr. 
and Meex W.J. J. Pharmacol. & Exper. Therap., 109: 
453, 1953.7 


approximate mirror image of the blood pres- 
sure curve. In most of the experiments the 
changes of potassium were not as pronounced as 
those of sodium. In addition there seemed to 
be little if any correlation between blood pres- 
sure and plasma potassium. The latter is in 
contrast to the variations in sodium levels which 
reflected even sudden changes in blood pres- 
sure.’ No real change in radiosulfate space or 
in chloride concentration was observed. These 
observations did not have the impact they 
ought to have had, for the doses used were very 
large. 

Arterial Wall Sodium and Blood Pressure: ‘To- 
bian and Fox® then approached the problem 
directly and analyzed segments of the femoral 
artery of the dog before and after infusing suffi- 
cient norepinephrine to maintain a blood pres- 
sure elevation for 30 minutes. A consistent 
fall in arterial potassium and a less consistent 
gain in sodium was observed. They believed 
these changes represented a fall in K; and rise 
in Na; but the authors tended to underest‘mate 
the importance of the sodium change ‘:ace it 
was less consistent. In our view, the difh- 
culties inherent in such tissue analysis and 
their basic range of error makes it highly sig- 
nificant that even this trend for a sodium in- 
crease was observed; in fact, a sizeable gain in 
sodium was noted in nine of twelve dogs. In 
the light of later evidence, we must conclude 
that a fall in K; and a real gain in Naj, probably 
with water, did actually occur. 
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Fic. 2. Influence of anesthesia on plasma K rise in- 


duced by epinephrine in the dog. (Notation and ref- 


erence as in Figure 1.) 


SALT AND WATER EXCHANGE AND BLOopD 
PRESSURE 


Shortly thereafter, following up the possi- 
bility that Pitressin might have an extrarenal 
action, we observed that this agent caused a 
shift of water out of the extracellular space in 
the bilaterally nephrectomized rat. In a more 
detailed study,’® we found that sodium also left 
the extracellular space in association with, 
but in excess of, water so that there was a meas- 
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Fic. 5. Effect of Pitressin on plasma Na and K and inulin concentrations in the 
conscious dog. 


urable fall in plasma sodium concentration. 
The relation of dose to response was presented 
at this time and the correlation of the shifts 
with blood pressure noted. In interpreting 
these exchanges of salt and water, we took into 
account the changes which other workers had 
previously observed to follow administration 
of norepinephrine and hypothesized that both 
sets of observations could be related by a general 
rule that blood pressure regulation depends on 
the sodium transfer systems, broadly defined. 
The rise in plasma potassium following ad- 
ministration of Pitressin was considered an 
integral part of the phenomenon but left aside 
from this first theoretical approximation for 
later consideration. 

In these first studies we overestimated the 
absolute magnitude of the water shift that 
follows the administration of Pitressin. This 


was corrected in subsequent studies. The 
effects of norepinephrine on sodium, potassium, 
and inulin space in the nephrectomized rat 
were then compared with those produced by 
Pitressin and again a net loss of extracellular 
sodium was observed in association with the 
rise in blood pressure. Angiotensin was then 
compared with Pitressin in the nephrectomized 
rat (Fig. 3). Both agents given intravenously 
produced a measurable fall in plasma sodium 
concentration and a fall in extracellular fluid 
volume (inulin) associated with the rapid rise 
of blood pressure. While Pitressin produced 
a measurable increase in extracellular potas- 
sium, angiotensin did not. 

It was clear at this time, atl east for nor- 
epinephrine, that the fall in sodium and water 
and the rise in potassium which we were meas- 
uring in the extracellular compartment of the 
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rat corresponded qualitatively to the gain in 
sodium and loss in potassium which Tobian 
and Fox’ had measured in the femoral artery 
of the dog. Daniel, Dawkins and Hunt" then 
injected a pressor dose of norepinephrine within 
the physiologic range of 1 wg. per kg. in the rat. 
They found that the aorta was rapidly depleted 
of potassium while sodium tended to increase. 
This is surprisingly good confirmation in view 
of the fact that the sodium shift is probably 
partly obscured by a movement of water which 
these workers could not measure. 

Subsequently this group™ studied the effects 
of isoproterenol, a peripheral vasodilator, on 
aorta electrolytes in the rat. They concluded 
from the variations in sodium in the aorta 
that during blood pressure changes, sodium 
moves into (rising blood pressure) and out of 
(falling blood pressure) vascular muscle cells. 

In the rat, studies of changes in plasma 
sodium, potassium and inulin space during 
changes in blood pressure are technically diffi- 
cult because each step in drug dose or time 
interval requires the use of separate groups of 
animals. To circumvent this, as well as to 
extend the observations to the dog, we studied 
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rise induced with norepinephrine. From: FRIEDMAN, 
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the problem in the bilaterally nephrectomized 
dog using norepinephrine, isoproterenol, angio- 
tensin and Pitressin (Fig. 4). We found that 
the calculated extracellular sodium (product of 
inulin space and plasma sodium) declined as 
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ing intraarterial angiotensin. 
flow and outflow rates. From: 
FRIEDMAN, S. M. Circulation Res. 


pressure rose and increased as it fell; the two 
measurements consistently formed mirror images. 
Calculated extracellular potassium in general 
moved inversely to sodium and hence parallel 
with the pressure except in the case of angio- 
tensin in which, as in the rat, no potassium 
shift was found. 

In the case of norepinephrine, the simple 
measurement of plasma sodium was an incon- 
sistent index of sodium movement since the 
real decrease in this ion is partially masked by a 
movement of water in the same direction. For 
the same reason, potassium concentration is a 
consistent but inaccurate estimate of potassium 
movement because the change is magnified 
by inverse movement of water. In the case 
of Pitressin, although both sodium and water 
move out of the extracellular compartment, 
the sodium shift is well in excess of the water 
so that, if the dose is adequate, a fall in plasma 
sodium is readily observed. These findings are 
remarkably similar to those obtained in the 
rat (Fig. 5). 


Na AND K ELEcTRODEs MONITORING 
AND ARTERIAL TENSION 

Recently, the sodium and potassium elec- 
trodes have been applied to this problem. In 
the first experiments'* we used only a sodium 
electrode interposed into the femoral artery of 
the dog. The aim was to determine whether 
pressor and depressor agents actually shift 
sodium levels as blood sampling procedures 
indicated. The result was unequivocal; the 
pressor response to norepinephrine, epi- 
nephrine, and angiotensin was regularly ac- 
companied by a fall in electrode potential indi- 
cating a fall in sodium concentration, or more 
precisely, sodium activity. In terms of degree 
of change, time course, and duration of effect, 
each agent produced its own characteristic 
pattern. The depressor response to acetyl- 
choline, histamine and isoproterenol was ac- 
companied by oscillations in the tracing which 
tended to be inverse to those observed with 
pressor agents. Later, in a similar arrange- 
ment using two electrodes,!’ norepinephrine 
was shown to produce a rise in potassium inverse 
to the fall in sodium (Fig. 6). 

The technic for electrode monitoring of 
sodium and potassium in flowing blood was 
then modified by the method of Haddy so as 
to control flow rate through the electrode as 
well as through the vasculature of the limb.!® 
The femoral artery of the dog was interrupted 
by a length of polyethylene tubing fed through 
a Sigmamotor pump. The femoral vein was 
similarly lengthened and passed through a 
smaller division of the pump. The venous 
outflow passed through sodium and potassium 
cannula electrodes in a shielded enclosure. 
This arrangement ensured not only a constant 
limb inflow but also the passing of a proportion 
of the venous outflow at a constant rate past 
the electrodes. Quantitative measurements 
could also be made because calibrating solu- 
tions could be injected into the venous tubing 
proximal to the pump. One pressure trans- 
ducer was inserted on the arterial side between 
pump and limb and another into a brachial 
artery. Small amounts of vasoactive agents 
sufficient only to activate the limb vasculature 
without producing any noticeable systemic 
effects were used. 

In general, limb vasoconstriction induced 
by norepinephrine or epinephrine was associated 
with a fall in blood sodium activity and often 
with a rise of potassium activity (Fig. 7). 
Larger doses tended to produce a biphasic 
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response in sodium activity, that is, an initial 
transient rise preceding the fall. Vasoconstric- 
tion produced by serotonin or angiotensin was 
associated with similar sodium activity change 
unaccompanied by any consistent potassium 
deflection (Fig. 8). Vasoconstriction produced 
by Pitressin was associated with a fall in sodium 
activity and consistent rise in potassium, both 
noticeably greater in degree and duration than 
with other agents producing an equal degree of 
vasoconstriction. Limb vasodilatation induced 
by isoproterenol, acetylcholine or histamine 
was accompanied by a rise in blood sodium 
activity without any consistent change in 
potassium (Fig. 9). 

A full analysis of rates and relations of ion 
and water movement is clearly required. For 
the moment, we may conclude that the move- 
ments of sodium and potassium associated with 
changes in blood pressure reflect changes in 
tension in the peripheral blood vessels. 

Only one report disturbs the general con- 
sistency of this phase of the investigation. Head- 
ings, Bohr and Rondell'® found that dog carotid 
artery rings stimulated electrically gained sodium 
and lost potassium. Epinephrine, however, 
in an amount sufficient to produce the same 
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contractile response did not produce these 
changes. 


CONCLUSIONS 


We may conclude that, in general, an acute 
increase in tension of vascular smooth muscle 
is associated with a gain in Na; and a gain in 
water. There is a strong suggestion that in 
some instances at least the gain in water may 
overshadow the gain in sodium and may also 
anticipate it. A loss in potassium from cells 
to environment is almost always observed. 
Similar ionic exchanges have been observed 
both in taenia coli and uterus during activity.”®.”" 

These experiments give no information re- 
garding the time relations connecting these 
phenomena nor do they suggest which event 
is cause and which is effect. They are pre- 
cisely the changes that would be anticipated 
if changes in vascular smooth muscle tension 
involve surging changes of ions across the cell 
membrane in accord with general ionic theory. 


SUMMARY 


Experiments dealing with the effects of 
rapidly acting vasoactive agents on the distribu- 
tion of sodium and potassium have been ex- 
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amined in relation to the concept that the 
tension of vascular smooth muscle is governed 
by the distribution and mobilities of ions on the 
two sides of the cell membrane. Evidence 
derived from chemical analysis of serum or 
plasma, from the continuous monitoring of 
blood with sodium and potassium electrodes, 
and from the direct analysis of samples of 
vascular wall indicates with reasonable con- 
sistency that vasoconstriction is accompanied 
by a surge of sodium into the cell while potassium 
usually, but not invariably, moves outward. 
Converse changes occur in association with 
vasodilation. These changes would be expected 
if vascular smooth muscle, like other excitable 
tissues, is subject to ionic regulation. 
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Possible Role of Chronic Excess Salt 
Consumption in the Pathogenesis of 


Essential Hypertension’ 


Lewis K. DAHL, M.D. 


Upton, New York 


URING THE early seventeenth century 

Robert Burton in a disquisition on the 
dietary causes of ‘‘melancholy” wrote in his 
classic book The Anatomy of Melancholy: ‘“‘Com- 
mon experience finds salt, and salt meats, to be 
great procurers of this disease, and for that 
cause, belike, those Egyptian priests abstained 
from salt, even so much as in their bread, .. . 
that their souls might be free from perturba- 
tions.” I will not attempt to relate Burton’s 
statement to hypertension but relative to my 
thesis it may indicate that the potential hazard 
of adding excess salt to food has been recog- 
nized for thousands of years. 

While the fact that Egyptian priests some- 
times foreswore the addition of salt to food may 
indicate the antiquity of this dietary practice, 
there is very little doubt that until relatively 
modern times salt was neither cheap nor readily 
available as a condiment. In most societies of 
today, by contrast, the. addition of salt to food 
is the rule for both man and child. Despite 
this widespread usage professional nutritionists 
have evinced surprisingly little interest in the 
salt-eating habits of modern man. 

During the present century there has been 
evidence accumulating which suggests a pos- 
sible relationship between excess salt ingestion 
and human hypertension. It is this thesis to 
which I have addressed my efforts in this paper 
as well as others.!—* 


NorMAL SALT REQUIREMENTS 


It is self-evident that in order to stay in salt 
(i.e., sodium chloride) balance the organisms 
must maintain salt intake at a level roughly 
equivalent to salt loss. But, just as the water 
level in a tank can remain stationary with either 


high inflow—outflow or low inflow—outflow, 
so can salt balance be maintained on high or 
low intakes. 

There is no question that some salt is required 
by man. However, the available evidence in- 
dicates that, at most, the daily requirement is 
only a few grams for normal subjects who are 
given a week or two for appropriate physiologic 
adaptive mechanisms to become operative. It 
is well established for instance that for untold 
generations no salt was added to food by nu- 
merous vigorous peoples including such diverse 
groups as Eskimos and certain Chinese, and 
American Indian and African tribes. Calcu- 
lations based on the analyzed diets or the known 
(and relatively constant) sodium content of 
foods indicate that daily salt intake rarely could 
exceed 4 or 5 gm. without the addition of salt 
to food by man and some of the primitive 
groups probably were actually averaging about 
1 gm. per day. Areas in which drinking 
water has a high saline content constitute a 
notable exception to the 4 to 5 gm. limit de- 
scribed. 

Since the original work of Allen and Sherrill'* 
nearly 40 years ago, there have been a number 
of careful metabolic studies, all of which are in 
agreement that in people with normal renal 
function, salt balance can be maintained on daily 
intakes of less than 1 gm. Our group, 
for instance, has studied more than 150 adults 
whose salt intakes were known (by daily 
24 hour urine sodium measurements) to have 
been limited to 100 to 375 mg. per day for 
periods ranging from 6 weeks up to almost 5 
years. Under ordinary circumstances the mech- 
anisms for reducing salt loss via skin and urine 
are so effective that continuous intakes of only 


* From the Medical Research Center, Brookhaven National Laboratory, Upton, New York. Supported by The 


United States Atomic Energy Commission. 
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TABLE I 


Average Daily Salt Intake (Based on 24 Hour Urine 
Excretion) in Several Societies 


Salt Intake 
Group Year | Sex Average| Range 
(gm./ (gm./ 
day) day) 
Alaskan Eskimo | 1958, | Both 4 1-10 
1960 
Marshall Islander} 1958 Both 7 1.5-13 
(Pacific Ocean) 
United States 1954— | Male 10 4-24 
(Brookhaven) | 1956 
Japan 
Hiroshima 1958 Male 14 4-29 
(South | 
Japan) 
Akita (North 1954 | Both 26 5-55 
Japan) | 


From: Dant,L. K. In: 
International Symposium. Berlin, 
Verlag. 


Essential Hypertension. An 
1960. Springer- 


1 or 2 gm. daily are more than adequate for 
metabolic needs, including periods of growth. 


AVERAGE SALT INTAKES 


It is not easy to obtain actual measurements, 
as contrasted with the gross estimates, of salt 
consumption. During the last 10 years my 
associates and I have been using the 24 hour 
urinary excretion of sodium as an index of 
minimal sodium chloride intake. Under ideal 
conditions on a metabolic ward, this is a highly 
accurate reflection of salt intake but in the field 
it may be less accurate due chiefly to variable 
losses through the skin, failure to collect all 
specimens, and day-to-day fluctuations in in- 
take. Nonetheless, our experience in five differ- 
ent areas of the world indicates that this method 
is an excellent index of average salt consumption 
by a group and of minimal consumption by 
person. Similar problems have existed for de- 
termining the exact consumption of such things 
as fats, alcohol or cigarettes, despite which 
highly useful estimates have been derived. 

By use of such technic my associates and I ob- 
tained the data summarized in Table I on Alas- 
kan Eskimos, Marshall Islanders, Northern 
American men and southern Japanese farmers. 
The studies in northern Japan were made by 
T. Fukuda of Chiba University... The group 


averages ranged from a low of 4 gm. per day 
among the Eskimos to 26 gm. per day among 
the northern Japanese. In all instances the 
use of median values rather than averages would 
not have changed the results significantly. 
These averages would be misleading if it were 
assumed that all subjects in a group were con- 
suming the same amount of salt. The variation 
in the range among members of any one group 
indicates that some subjects may habitually 
eat little salt while others consume large 
amounts. However, except for some of the 
Eskimos and Marshall Islanders, comparison 
of the data in Table 1 with the earlier estimates 
of actual need indicates a considerable excess of 
intake over normal requirements from which it 
seems safe to assume that salt intake has no 
necessary relation to salt requirement. 

It is pertinent to question whether an average 
difference of only a few grams of salt per day 
could be significant. It is critical to be aware 
of the fact that “‘grams per day”’ defines a rate as 
opposed to a quantity. The fable of the tortoise 
and the hare aptly illustrates that modest rate 
differentials, operating over long periods of 
time, cdn result in striking disparities in end 
result. 

In our laboratory we have studied the effect 
of variations in average salt intake on Na” 
turnover, as an index of the rate at which sodium 
is moving through the body. With daily salt 
intake of 5 gm. the rate is twice as great as when 
a patient is taking only 2 gm.; with intakes of 30 
gm. the rate is ten times faster than on 2 gm. 
We suspect that these imposed rate differentials 
are important physiologically. 


SALT APPETITE 


In any discussion of salt intake the question 
of an appetite for salt inevitably arises. There 
can be no question that salt appetites exist but 
the question is whether they are acquired or in- 
nate. It has been observed™.** that primitive 
Bolivian Indians and Eskimos, who normally 
added no salt to food, disliked the taste of it 
initially but could grow to like it quickly. My 
own children, reared without salt, had no ap- 
parent appetite for it until it was induced by 
their friends. Our patients, reduced to daily 
intakes of well below 0.5 gm. for months or 
years, had no salt-craving. Indeed, in such 
subjects the addition of 1 gm. of salt to their 
daily intake was cause for comment whereas the 
addition of 5 or 10 gm. had gone unnoticed when 
the same patients were ingesting from 10 to 
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Fic. 1. Correlation of average daily salt (NaCl) intakes with prevalence of 


hypertension in different geographic areas and among different races. 
Essential Hypertension. 


Dant, L. K. In: 
Berlin, 1960. Springer-Verlag. 


20 gm. per day. From these experiences, we 
have concluded that salt appetite is acquired 
and therefore warrants no serious consideration 
relative to being a useful index of salt requirement. 


EVIDENCE THAT SALT INGESTION May BE 
RELATED TO HYPERTENSION IN MAN 


My present discussion will omit hypertension 
induced experimentally in animals by excess salt 
consumption since this is the subject of other pa- 
pers in this seminar. 

Our original interest in the relationship of salt 
to human hypertension was induced by meta- 
bolic studies—'* which clearly indicated that 
drastic sodium restriction led to a significant fall 
in blood pressure in about one-quarter to one- 
third of patients with essential hypertension. 
We were further intrigued by observations 
which suggested that hypertension was relatively 
uncommon among societies which did not add 
salt to their food. This suggested the opposite 
possibility; namely, among groups in which 
salt was usually added to food the prevalence of 
hypertension would be frequent and that the 
larger the average salt intake, the higher the 
prevalence of hypertension. 

Preliminary to more elaborate and time-con- 
suming epidemiologic surveys, a pilot study® was 
carried out at Brookhaven National Laboratory 
which was highly suggestive of a correlation 
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between salt consumption and hypertension: 
subjects who were classified as having been on 
low salt intakes throughout their lives had signifi- 
cantly less hypertension (p less than 0.01) and 
those classified as having been on high intakes 
had significantly more hypertension (p_less 
than 0.02) than would have been predicted by 
chance alone. 

With these preliminary results in hand we be- 
gan exploring salt intakes among populations 
in which the prevalence of hypertension varied. 
This was done by making sequential 24 hour 
urine collections for sodium and often by 1 or 2 
day collections of the subject’s diet as well. The 
results of these surveys were summarized earlier 
in Table 1. In Table 1m we have extended these 
data to include information gathered simul- 
taneously on the prevalence of hypertension in 
the same subjects. In Figure 1 the data from 
Table 1 have been graphed and it is apparent 
that there is a high degree of correlation between 
average levels of salt intake and prevalence of 
hypertension: specifically, the data presently at 
hand indicate that as daily average salt con- 
sumption increases the prevalence of hyper- 
tension increases. This graph closely resembles 
one derived from animal experience by Meneely 
and his associates.” In that study, a colony of 
rats was divided into groups with the members of 
each group being chronically fed different levels 
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TABLE 
Salt Intake (Measured by Urinary Salt Excretion) Compared with Prevalence of Hypertension in Five Geographic 
Areas 
Salt Intake % Hyper- 
Grou Year Sex No. (aver- ereapens 
r age) Average Range (140/90 
(gm./day)| (gm./day) or over) 
Alaskan Eskimo 1958, Both 20 38 4 1-10 0 
1960 
Marshall Islanders (Pacific) 1958 Both 231 41 7 1.5-13 6.9 
United States (Brookhaven) 1954- Male 1,124 36 10 4-24 8.6 
1956 
Japan | | 
Hiroshima (South Japan) | 1958 Male 456 | 43 | 14 4-29 21 
Akita (North Japan) 1954 Both 5,301 | 45 | 26 5-55 39* 


* Systolic and diastolic pressures reported separately. 
mm. Hg or more. 


This number (39 per cent) based on diastolic pressure of 90 


From: Dant, L. K. In: Essential Hypertension. An International Symposium. Berlin, 1960. Springer-Verlag. 


of sodium chloride; as the average salt con- 
sumption of a group increased, so did the mean 
blood pressure. We recognize that the number 
of Eskimos included in the present survey is 
small and it is being extended; however, it is 
becoming increasingly difficult to find Eskimos 
sufficiently isolated from civilization to maintain 
all, or even most, of their ancient food customs. 

Individual Variations in Susceptibility to Hyper- 
tension: ‘The preceding data correlating in- 
creasing average salt intake with increasing 
prevalence of hypertension are to be used as in- 
dicating the group probability of the develop- 
ment of hypertension: all subjects who consumed 
the same amount of salt would not have the same 
probability of the development of hypertension 
because of variations in individual biological 
responsiveness. 

There is a good deal of evidence which indi- 
cates that hereditary factors operate in hyper- 
tension.” We are attracted to the possibility 
that the interaction of hereditary tissue suscep- 
tibility with dietary salt is the common means by 
which “essential’’ hypertension 
With this thesis in mind, a wide spectrum of re- 
sponses might be expected among individual 
members of a group consuming roughly equiva- 
lent amounts of salt. Furthermore, it would 
seem probable that some individuals consuming 
relatively large amounts of salt would not have 
hypertension while the disease would develop in 
others who ate fairly modest quantities. This 
variability in noxious effect on individuals is 


recognized for numerous other subtly lethal 
agents such as ionizing radiation, cigarettes or 
excess caloric intake. Thus far, however, we 
have not encountered groups which customarily 
consumed high salt intakes that had a low prev- 
alence of hypertension or groups in which low 
salt intakes were the rule, associated with high 
prevalence of hypertension. 


SUMMARY 


There is evidence which suggests that among 
groups habitually eating salt in amounts well in 
excess of requirements, hypertension will be 
common. Furthermore, it seems likely that as 
the salt excess increases, so will the prevalence 
of hypertension. It is proposed that this chronic 
excess consumption of salt may play a primary 
role in the pathogenesis of hypertension in man. 
Variations in biological responsiveness will de- 
termine which subjects in a group have the 
disease. 
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Pathogenesis of Experimental 


Hypertension Induced by Salt’ 


Smmon KOLETsKY, M.D. 


Cleveland, Ohio 


T Is NOW fairly well established that excessive 
I intake of sodium chloride over a period of 
time may cause hypertension. Sapirstein, 
Brandt and Drury' found that substitution of 
2 per cent sodium chloride for drinking water 
caused elevation of the blood pressure in the 
rat. Gepts? observed lesions of heart and 
pancreas, including vascular necrosis, in rats 
on this regimen. Toussaint and associates® 
were unable to obtain hypertension in rats 
given 2 per cent salt for drinking but did produce 
hypertensive vascular disease when a supple- 
ment of 5 per cent sodium chloride was incor- 
porated into the diet. Meneely et al.* reported 
that sustained hypertension occurred in rats 
chronically fed diets rich in sodium chloride 
(from 6 to 8 per cent of the total diet). Severe 
renal disease of nephrotic type also developed 
in some animals. Hypertension was obtained 
in rabbits ingesting excess salt® and also in 
chickens given isotonic or slightly hypertonic 
saline to drink in place of water.* Selye’ 
described renal lesions in chicks which drank 
0.9 per cent saline instead of water. 

Sodium chloride is also an important factor 
in steroid hypertension, such as that produced 
by administration of desoxycorticosterone.? In 
this instance the hypertension presumably 
depends on retention of sodium and this activity 
of the steroid is aggravated by salt-loading. 
Both steroid and salt hypertension may well 
have the same basic pathogenesis, although the 
combination of steroid and salt load commonly 
shortens the time required for development of 
the disease. Morphologically, the vascular, 
renal and cardiac lesions of salt and steroid 
hypertension are essentially the same. 

Chronic salt hypertension in the rat has also 
been under study in this laboratory. Salt 
was administered to young adult animals by 


using a 1 per cent solution of sodium chloride 
as the drinking fluid instead of water. The 
pellets used for food also contained about 1 
per cent salt. Some animals were subjected to 
interval sacrifice, although the majority were 
followed for the rest of their lives and autopsied 
at the time of death. Rats on this type of 
regimen gained weight in normal manner for a 
few months but thereafter were seriously stunted 
in growth. Life span was significantly short- 
ened, i.e., to a mean of 12 months as compared 
to a mean expectancy of 24 months for animals 
on the same pellet regimen but drinking tap 
water. Chronic hypertension occurred in about 
66 per cent of rats drinking 1 per cent saline. 
From 5 to 8 months elapsed before the onset of 
high blood pressure. ‘The blood pressure was 
labile at first, usually remained so for a variable 
period and eventually, especially toward the 
latter part of life, became sustained. The 
hypertension was accompanied by enlargement 
of the heart, diffuse vascular disease involving 
arteries and arterioles, and progressive renal 
disease. Some grade of azotemia developed in 
most hypertensive rats. Several died in uremia, 
although the usual cause of death was pneu- 
monia accompanied by renal dysfunction. 


COMPARISON OF EXPERIMENTAL AND HUMAN 
HYPERTENSION 


From the standpoint that organic disease 
develops in the heart, blood vessels and kid- 
neys, salt hypertension in the rat clearly re- 
sembles essential hypertension in man. How- 
ever, the type of morphologic damage in the 
blood vessels and kidneys is not identical in the 
two species. For example, the hypertensive 
vascular lesion in the rat is necrotizing and is 
often associated with proliferative or exudative 
components or both, thus resembling poly- 


* From the Institute of Pathology, Western Reserve University School of Medicine, Cleveland, Ohio. Supported 


by U. S. Public Health Service Grant H-1052 
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Polyarteritis of mesenteric arterioles in rat with 
salt hypertension. (Hematoxylin and eosin; original 
magnification, X 180.) 


arteritis (Fig. 1). This contrasts with the 
pure fibrinoid necrosis of vessels in malignant 
hypertension of human subjects. Hence some 
doubt could be expressed that the vascular 
lesions in rat and human hypertension are 
comparable, especially because polyarteritis 
is often regarded as indicative of the hyper- 
sensitive state. However, there seems to be 
no evidence at present that the polyarteritis in 
rats with salt hypertension has an immuno- 
allergic or infectious basis. Perhaps this type 
of lesion in the rat represents a peculiarity in 
species response. Even though morphologically 
different, it is quite possible that the polyarteri- 
tis of hypertension in the rat and the fibrinoid 


Marked glomerular disease in salt hypertension. 
eosin; original magnification, 150.) 


Fic. 3. 
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Fic. 2. Symmetrically granular kidneys in rat with salt 
hypertension. 


necrosis of malignant hypertension in the human 
being have a similar etiology. 

In rats with salt hypertension, the kidneys 
show a symmetric bilateral lesion charac- 
terized by uniform granularity of the outer 
surfaces; the gross appearance is comparable 
to human nephrosclerosis (Fig. 2). However, 
microscopically the intrarenal vascular changes 
are also of polyarteritic type and in addition 
there generally is diffuse glomerular disease 
with necrotizing, degenerative and proliferative 
components such as one would tend to asso- 
ciate with glomerulonephritis (Fig. 3). This 
is in contrast to the relatively inconspicuous 
glomerular damage in human benign nephro- 
sclerosis, but resembles the widespread and 
sometimes severe glomerular lesions of malignant 
nephrosclerosis. The etiology of the glomerular 
disease is not established for either rat or man, 
although an immunoallergic or infectious basis 
seems unlikely on the basis of present evidence. 
Again, the possibility that rat nephrosclerosis 


(Hematoxylin and 


577 


578 Koletsky 


TABLE I 
Renal Ablation and Salt 


TABLE II 
Renal Ablation in Animals on Salt 


Incidence of Lesions (%) 


Ablation High Blood | Blood Kid 
(%) Pressure | Vessels 
| 
66 | 60 40 
ad 100 | 100 90 


and human malignant nephrosclerosis may 
have a common origin, or an origin in common, 
merits some consideration. How far one can 
go at present in comparing rat nephrosclerosis 
with human benign nephrosclerosis is not 
clear. 


SYNERGISTIC EFFECT OF REDUCED RENAL MAss 
AND SALT LOAD 


The hypertensive activity of salt is substan- 
tially enhanced by reduction in renal mass.!°-!! 
There is also marked synergism as regards the 
induction of vascular disease and nephrosclero- 
sis. With progressive renal ablation salt in- 
duces these lesions more rapidly and with 
greater frequency and severity. Thus with 
both kidneys intact chronic salt ingestion 
yielded hypertension in 66 per cent of animals, 
vascular disease in 60 per cent and nephro- 
sclerosis in 40 per cent. In unilateral nephrec- 
tomized rats the same dietary regimen gave 
high blood pressure in 94 per cent of animals, 
while vascular disease and nephrosclerosis 
occurred in 83 and 74 per cent, respectively. 
However, with three-fourths of renal mass 
removed the incidence of hypertension and 
vascular disease was 100 per cent and of nephro- 
sclerosis 90 per cent (Table 1). The smaller 
the kidney stump the more rapid and severe is 
the injury from salt. The latter will often 
yield fulminant nephrosclerosis within a few 
weeks in three-fourths ablated rats as against 
an interval of several months for animals with 
both kidneys present (Table 1). Rats with 75 
per cent nephrectomy and on a high salt 
regimen usually become hypertensive within 
1 or 2 weeks as compared to from 5 to 8 months 
for animals with intact kidneys. 

A clear explanation for the synergism of 
reduced renal mass and salt load is not avail- 
able. One possibility rests on the thesis that 
an adequate amount of normal renal tissue is 
required to maintain the structural integrity 


| 


Hypertension 
Ablation 
) 
(% % Onset 
0 66 8 months 
50 94 4 months 
75 100 2 weeks 


of the peripheral vascular bed and also to 
supply a substance which regulates vascular 
tone.” Perhaps the salt in some way sup- 
presses the production or activity, or both, 
of antihypertensive material derived from the 
kidney stump. It seems less likely that salt 
acts through a renal pressor mechanism, al- 
though this is not excluded with certainty. 
There is insufficient evidence that organic 
renal disease plays a role in the origin of salt 
hypertension. Rats with chronic salt hyper- 
tension often show severe renal disease, but at 
the onset of hypertension and often during its 
early stage, kidney lesions are minimal or rela- 
tively slight, at least by conventional methods. 
Another possible mechanism is that significant 
reduction in the number of functioning nephrons 
has an adverse effect on renal management of 
electrolytes and hence on electrolyte distribu- 
tion and composition in the tissues of the body. 
In the case of a salt load, retention of sodium 
and water might be augmented and the elec- 
trolyte state of the peripheral vascular bed 
altered so as to enhance tonus of the blood ves- 
sels. 


SEQUENCE OF VASCULAR EVENTs IN SALT- 
INDUCED HyPERTENSION 


Interval sacrifice of animals suggests a certain 
sequence of events in the development of 
hypertensive vascular disease as induced by 
salt.'!° Peripheral blood vessels appear to be 
injured first and the initial effect is the functional 
one of increased vascular tone. The latter 
causes high blood pressure which would thus 
represent a very early sign, perhaps the earliest, 
of the widespread involvement of peripheral 
vessels. At the time of initiation of the hyper- 
tension the blood vessels, when studied by 
conventional histologic technics, often show 
sparse and relatively slight disease or are 
morphologically unaltered. Subsequently, how- 
ever, the high blood pressure is accompanied by 
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progressive organic damage to arteries and 
arterioles, widely distributed in the body and 
including such sites as pancreas, mesentery, 
adrenals, gastrointestinal tract and kidneys. 
The renal lesions develop more or less simul- 
taneously with those of other peripheral vessels, 
and we prefer to interpret them as the renal 
component of the generalized vascular disease. 

Thus the usual sequence in salt-induced 
hypertensive vascular disease seems to be as 
follows: (1) increased peripheral vascular tone, 
(2) hypertension, (3) generalized vascular 
disease, and (4) renal disease (nephrosclerosis). 
The precise manner in which the vascular 
lesions arise is not clear, although some investi- 
gators have regarded them as a consequence of 
the high blood pressure itself. At present we 
feel that the evidence which has been cited in 
favor of this origin is inconclusive. At the 
least hypertension is not a sine qua non for the 
vascular disease. As with hypertension, it 
seems unlikely that the vascular lesions which 
result from salt-loading are of renal origin, 
i.e., elaboration of a necrotizing agent or loss 
of a protective agent. The excess salt may be 
directly responsible for the lesions, perhaps 
by initiating ionic imbalances in the walls of 
the blood vessels. Such a mechanism could 
apply to both the functional (increased tone) 
and organic aspects of the injurious process. 
However, the sometime delay in appearance of 
the morphologic damage, and also its complete 
dissociation from high blood pressure in certain 
instances, suggest somewhat different or addi- 
tional requisites for this component. That an 
altered electrolyte status is apparently capable 
of inducing significant tissue lesions is shown 
by the development of myocardial necrosis in 
rats with potassium deficiency'*!*:'® and also 
in rats on an electrolyte-steroid regimen.'” 


ARTERIAL WALL Soprum CONTENT IN HyPER- 
TENSION 


Several concepts have been offered to explain 
how an altered pattern of sodium in the vessel 
wall might lead to increase in vascular tone. 
For example, enhanced neuromuscular para- 
sympathetic transmission and hence vasocon- 
striction may arise from increased sodium con- 
tent.'8 Another possibility is that decrease in 
the gradient between extracellular and intra- 
cellular sodium in the muscular coat of the 
arteriole produces vasoconstriction.!® ‘There 
is also the concept that vascular edema result- 
ing from accumulation of sodium and water 
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reduces the diameter of the vessel wall suffi- 
ciently to lead to increased resistance.”° 

Renal Hypertension: Many studies have been 
made on the electrolyte composition of various 
tissues, including blood vessels (principally 
aorta), in experimental hypertension. The 
results have not been uniform and differences 
of opinion existing regarding the significance of 
the data. In Grollman’s study” no significant 
change from the normal was observed in elec- 
trolyte composition of various organs of rats 
rendered hypertensive through choline de- 
ficiency diet.2" Ledingham* noted no impor- 
tant changes in either intracellular sodium or 
potassium in the hearts of rats with acute renal 
hypertension. He believed that the increase 
in total sodium content was explained by ex- 
pansion of extracellular fluid. Tobian and 
Binion* reported an increase in sodium and 
potassium content of the aorta in hypertensive 
rats and part of the sodium increase was due to 
intracellular accumulation. Increased content 
of potassium in the aorta rather than sodium 
has been stressed as the significant change.**—*° 
Daniel and Dawkins** reported an elevation in 
potassium concentration within the aorta in 
early but not in chronic hypertension. Greene 
and Sapirstein?’ noted a substantial rise in the 
total body sodium of rats with renal hyper- 
tension and believed that this could not be 
explained by expansion of extracellular volume. 
They postulated either deposition of sodium in 
bone or an increased amount of sodium in 
intracellular position. 

Salt-Induced Hypertension: We have also ex- 
plored this area in the rat using the mesenteric 
arterial bed for analysis. ‘This site was selected 
because the mesenteric arteries and _ their 
branches are a frequent and relatively early 
site for development of the typical vascular 
lesions observed in_ hypertension. The 
vascular disease is identical with that which 
occurs in small arteries and arterioles through- 
out the body, therefore, electrolyte alterations 
here are likely to be representative of the 
peripheral vascular bed. Of especial interest 
were the changes which occurred in these 
vessels prior to the development of recognizable 
organic disease, and also prior to or concom- 
itant with the development of hypertension. 
The latter item might tend to exclude high 
blood pressure itself as the cause of any changes. 

The mesenteric arteries of rats fed excess 
salt?® showed changes in electrolyte composi- 
tion similar to those observed in the early stage 
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of renal hypertension.2” There was a statisti- 
cally significant elevation in the content of 
total sodium and of potassium, as well as in 
chloride and water. Sodium plus potassium 
content (combined cation values were derived 
from the mean of sums of sodium and potassium 
concentration for each rat) was also increased, 
although the combined cations showed no 
increase over the normal in terms of concen- 
tration of water in tissue. Values for extra- 
cellular sodium obtained by using chloride 
space as a measure of extracellular fluid indi- 
cated that extracellular sodium accounted for 
only part of the total rise of this cation and 
hence that the intracellular phase contained 
more sodium. However, there is some doubt 
that chloride space is an adequate measure of 
extracellular volume in the mesenteric arterial 
bed. 

Our data on electrolyte composition of the 
mesenteric vascular bed in rat hypertension are 
in accord with previous findings in the aorta as 
obtained by some investigators and are contrary 
to the results of others. The mesenteric arteries 
of both hypertensive and normal rats showed 
considerable variation in both sodium and water 
content, indicating that the latter constitute a 
labile system in this location. This did not 
apply to potassium values. Elsewhere, as in 
the heart and skeletal muscle, the content of 
sodium and water seemed considerably more 
stable. 

It is of interest that a common pattern of 
electrolyte alteration in the vascular bed 
characterizes high blood pressure in the rat 
whether the hypertension is induced by salt or 
by renal injury, that the chemical changes may 
antedate the hypertension, and that in case of 
salt the chemical changes in the vessels cannot 
be readily attributed to renal dysfunction. 
Thus, while at present the significance of intra- 
vascular electrolyte disturbances is far from 
clarified, the possibility remains that such 
disturbances may play a role in the genesis of 
rat hypertension. 


SUMMARY 


1. Chronic salt ingestion in the rat often 
yields hypertensive cardiovascular renal disease. 

2. The natural history of this disease re- 
sembles that of essential hypertension in man. 
Morphologically, however, neither the vascular 
lesions nor the renal disease which accompany 
hypertension in the two species are strictly 
comparable. 


3. In the rat, salt loading and renal ablation 
are synergistic in producing hypertensive vascu- 
lar disease. The reason for this is not clear, 
although it may relate to defective sodium 
metabolism. 

4. Altered electrolyte status in the peripheral 
vascular bed may play a role in the genesis of 
rat hypertension. 
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Hypertension and Renal Cardiovascular 


Pathology in Adrenalectomized 
Salt-Loaded Rats’ 


GeorcE F. WILGRAM, M.D., PH.D. and Dwicut J. INGLE, PH.D. 


Chicago, Illinois 


ONNECTIONS BETWEEN the function of the 
C adrenal cortex and some diseases such as 
hypertension, diabetes and nephrosclerosis have 
been suspected ever since the association between 
adrenal cortical tumors and the symptoms of 
Cushing’s disease was noted. Some patients 
with Cushing’s disease have hypertension and 
some have diabetes. More recently it has been 
observed that some patients with primary 
aldosteronism are hypertensive. All the reasons 
for postulating a relationship between adrenal 
cortical function and disease were brought into 
focus by Selye’s concept of the ‘‘adaptation dis- 
eases” in which a derailment of adrenal cortical 
function during exposure to nonspecific stress 
was assigned a key role in the etiology of many 
diseases." 

The experimental basis for the concept of the 
adaptation diseases was the pathologic findings 
obtained in rats overdosed with steroids. Hy- 
pertension and renal and cardiovascular damage 
occurring in rats overdosed with corticoids are 
most severe when one kidney has been removed 
and the animal is given a high intake of sodium 
chloride. Selye describes the corticoids as the 
primary cause of the pathology and character- 
ized uninephrectomy and high salt load as 
conditioning factors. Investigators agree with 
the results of these basic experiments, but there 
is disagreement as to the relative importance 
of the individual factors that make up the causal 
pattern for these experimentally induced dis- 
eases. We are interested in the proposition 
that the primary cause of such pathology is the 
excess sodium chloride, which is more toxic 
when the renal mass is reduced by uninephrec- 


tomy and when sodium-retaining steroids are 
administered. ‘The reasons for the assumption 
of the primary pathogenic nature of excess 
sodium chloride are as follows: (1) When the 
sodium chloride intake of desoxycorticosterone 
acetate-overdosed rats is restricted to a level 
just adequate to meet nutritional requirements, 
the administration of steroid does not cause 
nephrosclerosis, cardiovascular pathology or 
hypertension.” (2) Meneely et al.* found that 
high salt loads cause hypertension and renal and 
cardiovascular pathology even when both kid- 
neys of the experimental animals are intact. 
(3) Crane, Wilgram and Ingle* have shown that 
the processes leading to hypertensive vascular 
disease do progress—although slowly—in ad- 
renalectomized rats without hormonal therapy. 
(4) Fregly® has reported on the elevation of blood 
pressure in the adrenalectomized rat given high 
loads of sodium chloride without hormonal 
therapy. 

The experiments reported here are an ex- 
tension of the work mentioned previously. 
Crane and Ingle* have demonstrated that the 
untreated adrenalectomized rat rids itself of the 
high salt load with less water than do similar 
animals with intact adrenal glands. In other 
words, it loses more salt on the same water 
intake than intact rats. Therefore, less salt is 
retained in adrenalectomized rats. Neverthe- 
less, as will be shown in this report, the salt- 
loading of adrenalectomized, uninephrecto- 
mized rats does indeed lead to hypertension and 
cardiovascular pathology after 6 months to 1 
year. We therefore present the thesis that in 
Selye’s experiments the primary pathogenic 


* From the Department of Physiology, University of Chicago, Chicago, Illinois. This research was supported by 
Grants C-2213 and RG-7745 from the U. S. Public Health Service. 
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Cardiovascular Pathology in Adrenalectomized Salt-Loaded Rats 583 
TABLE I 
Six Months Experiment—Group 1 
(Control Rats) 
Pathology (0 to 5)* 
Body Weight ( 
Organ Weight (mg.) Blood 
Rat | (gm. ) 
Kidney Pressure 
Heart Hg) 
Initial Final | Heart |Kidney Thymus} Spleen | Adrenal| Gross | Micro. 
1 300 491 1,260 1,500 | 276 640 | 21 0.0 ‘5 0 120 
2 300 513 1,240 | 1,290 | 202 670 | 21 0.0 1.5 0 120 
3 300 511 1,330 | 1,500 | 386 780 | 22 0.0 0 0.25 110 
4 300 535 1,410 | 1,620; 292 560 | 26 0.0 1 0 126 
5 300 523 1,350 1,510 | 184 780 | 24 0.0 0.5 0 118 
6 300 496 1,365 1,480 | 264 670 | 25 0.0 0.5 0 120 
7 300 524 1,320 | 1,435 176 800 | 25 0.0 1 0 127 
8 | 300 | 514 | 1,300 1,530 | 362 730 | 23 0.5 1 0 114 
9 | 300 | 547 1,400 1,615 125 710 | 22 0.5 1.5 0 116 
10 | 300 541 1,415 1,580 | 326 915 | 29 0.5 2 0 150 
11 | 300 560 | 1,350 1,600 | 286 1,050 | 26 0.5 1.5 0 118 
12 300 492 1,220 | 1,450} 268 750 | 24 0.0 0 0 134 
13 300 | 471 1,260 | 1,460 | 264 800 | 22 0.0 1 0 120 
14 | 300 | 451 1,150 | 1,520) 438 770 | 25 0.0 0.5 0.25 116 
Average | 300 | 510 | 1,312 1,506 | 276 758 | 23.9 0.14 0.96 jac | 122 


* In this and all other tables, the grading system used is similar to the one published previously (Arch. Path., 690: 


68, 1959). 
same type of grading system. 


factor is the high dietary salt load, which is 
secondarily aggravated by salt retention due to 
overdosing ‘with corticoids. 


METHODS 


Rats of the Sprague-Dawley strain were main- 
tained on Rockland rat pellets until they became 
adult. They were then given a medium carbo- 
hydrate diet to eat ad libitum. When sodium chloride 
was added to the diet, it was expressed as per cent of 
dry mix before water was added. The animals were 
adapted to a salt load by increasing the amount of 
sodium chloride by 1 per cent per week until the 
desired load was reached. The animals were kept in 
individual cages at room temperature (74-78°Fr.). 
Uninephrectomy and adrenalectomy were then per- 
formed. The adrenals were removed with the cap- 
sule intact and with as much of the pedicle and sur- 
rounding fat as possible. Immediately following op- 
eration, each rat was given 5,000 units of penicillin 
and 5 mg. of streptomycin. This was not continued. 
No cortical hormone was given in any of the experi- 
ments reported here. At the completion of the ex- 
periments, blood pressure was determined under 
ether anesthesia by direct cannulation of the abdomi- 
nal aorta. The cannula was attached to a mercury 
manometer by means of a short length of fine bore 
rubber tubing filled with heparinized saline. The 
pressure was recorded when the anesthesia first be- 
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Although the experimental conditions were different, the morphologic criteria allowed adherence to the 


came light enough to permit slight retraction of the 
rat’s hind foot when the toes were pinched. 

Following the determination of blood pressure, 
the rat was exsanguinated, autopsy was performed 
and gross pathologic changes were noted. The 
heart, kidney and mesentery were removed, fixed in 
10 per cent calcium formalin, and, after being 
processed in paraffin, were stained with hematoxylin 
and eosin. 


EXPERIMENTS AND RESULTS 


Two sets of animals, one on the diet for 6 
months, the other for 1 year, were used. 


SET A—SIX MONTHS EXPERIMENT 


Group 7: Fourteen intact male animals ate 
chow (Rockland) ad libitum after reaching a 
weight of 300 gm. The blood pressure was 
normal (Table 1), averaging 122 mm. Hg. 
The microscopy of heart and kidneys was 
consistent with findings obtained in normal 
rats of that age group. 

Group 2: Eight male adrenalectomized, uni- 
nephrectomized rats ate ad libitum a medium 
carbohydrate diet with 4 per cent added salt. 
Their blood pressure was significantly elevated 
(Table 1), compared with normal control 
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584 Wilgram and Ingle 
TABLE II 
Pathology (0 to 5) 
| Body Weight Organ Weights | 
(gm.) (mg.) Mesentery } 
Rat | Kidney Heart | Aorta | Blood 
No. | | Micro, | Pressure 
\(mm. Hg) 
| Paren- | | Paren- 
| Initial | Final | Kidney | Heart wee Gross chyma | Vessels | chyma Vessels Gross | Micro. 
A. Six Months Experiment—Group 2 
(4 per cent added salt; male adrenalectomized, uninephrectomized rats) 
38 287 | 580 | 4,480 | 1,920 | 278 | 4.0 | 3.5 1.0 0.0 | 05 | 0.0 0.0 0.0 160 
39 | 283 | 586 | 2,635 | 1,645 | 255 | 4.0 | 2.5 0.5 0.0 0.5 0.25 | 0.0 0.0 142 
41 | 261 | 446 2.060 1460 264 | 3.5 1.5 0.5 0.0 1.0 0.0 | 0.0 1.0 126 
44 | 256 | 424 1,755 1,460 250 | 1.0 | 1.0 0.0 0.0 0.0 0.0 |} 0.25 | 132 
ie la | 538 3,440 1,730 202 | 5.0 2.5 0.5 0.0 0.5 0.0 | 0.0 0.0 | 154 
50 | 300 | 410 1,945 1,390 ann 1. 3D $.5 1.0 0.0 1.0 0.0 0.0 0.0 136 
53 | 285 550 2,750 1,435 311 | 4.5 2.5 0.5 0.0 0.5 0.25 0.0 0.0 | 132 
56 |} 279 | 420 1,625 1,500 183 |} +8.5 | +.5 1.5 0.0 0.0 0.25 00 0.0 | 134 
Aver-| 
age) 274 | 494 | 2,586 | 1,567 | 245 | 3.19 | 2.06 | 0.87 | 0.0 | 0.5 0.09 | 0.0 0.16 | 139.5 
| | | | 
B. Six Months Experiment—Group 3 
(4 per cent added salt; female adrenalectomized, uninephrectomized rats) 
5 300 442 1,565 1,265 304 1.0 | 0.5 | 0.0 0.0 0.0 | 0.0 0.0 0.0 110 
8 271 354 1,475 1,200 205 2.5 1.0 :. 5 0.0 0.5 0.0 0.0 0.0 120 
~~ | 260 348 1,550 1,225 273 4.0 1.5 | 0.5 0.0 0.5 0.0 0.0 0.0 132 
17 268 329 1,585 1,200 304 | 0.0 1.0 1 8.3 0.0 0.0 | 0.0 0.0 0.0 137 
23 | 259 | 300 1,360 950 255 | 1.0 0.5 | 0.0 0.0 0.0 0.0 0.0 0.0 112 
26 1,370 1,000 1.0 |} 0.5 0.0 0.5 0.0 0.0 0.0 116 
29 245 | 354 1,270 1,265 242 | 2.5 13 | 0.5 0.5 0.5 | 0.0 2.5 3.0 142 
32 235 374 1,475 1,200 252 | 1.5 0.5 0.5 «0.0 1.0 |} 0.25 0.0 0.0 130 
35 | 266 379 1.660 1,175 238 | 2.5 1.0 | 0.5 1.0 0.5 | 0.0 0.0 0.0 112 
Aver- 
age 262 = 1,479 1,167 250 1.83 0.94 | 0.44 0.17 0.50 | 0.03 0.28 0.33 123 
| | | 
rats of the same age. Heart weights increased. uninephrectomized rats ate ad libitum the 


They lost weight. ‘There was some damage to 
the parenchyma of the kidney as illustrated 
by cast formation and tubular degeneration. 
The glomerular apparatus was mildly involved 
in four of the eight animals. 

Group 3: Nine female adrenalectomized, 
uninephrectomized rats ate ad libitum the me- 
dium carbohydrate diet with 4 per cent added 
salt. As can be seen from Table mB, 4 per cent 
salt did not bring about any severe pathology 
after 6 months in female adrenalectomized rats. 

Group 4: Five male adrenalectomized, uni- 
nephrectomized rats ate the medium carbo- 
hydrate diet ad libitum with 12 per cent added 
salt for 6 months. ‘Table mA shows that their 
blood pressure was markedly elevated. Heart 
weights were increased. ‘The kidney, upon 
microscopic examination, showed distinct de- 
generative changes in the tubules and early in- 
flammatory lesions in the glomerular apparatus. 
Heart and mesentery had little microscopic 
pathology. 

Group 5: Eighteen female adrenalectomized, 


medium carbohydrate diet with 12 per cent 
added salt for 6 months. Table mB shows 
that their blood pressure was significantly 
elevated, although not quite as much as in 
their male counterparts. Hearts, mesentery 
and aorta did not show any particular micro- 
scopic changes but the kidney showed pro- 
nounced pathologic lesions in four of eighteen 
animals. Since Table mB presents averages of 
eighteen rats, the drastic changes in these four 
animals are somewhat blurred out. 

Summary: After 6 months on a 4 per cent 
salt diet, male adrenalectomized, uninephrecto- 
mized rats had mild hypertension and kidney 
damage, more visible in the tubular part than in 
the glomeruli. Male rats on a 12 per cent 
salt diet exhibited more advanced pathology 
and more severe hypertension. Female rats 
were less affected by both the 4 and 12 per cent 
added salt. 


SET B-——-ONE YEAR EXPERIMENT 


Group 7: Twelve normal rats ate ad libitum 
a stock Rockland diet without added salt. 
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TABLE II 
Pathology (0 to 5) 
Body Weight Organ Weight 
(gm.) (mg.) | Blood 
Rat No. Kidney | Pressure 
Heart (mm. Hg) 
| Micro 
| Initial Final Kidney | Heart | Thymus Gross Micro. | | 
A. Six Months Experiment—Grorp 4 
(72 per cent added salt, male adrenalectomized, uninephrectomized rats) 
37 292 | 490 3,310 1,740 284 3.5 | 2.0 1.5 174 
40 264 523 3,445 1,995 299 5.0 3.0 1.0 166 
42 259 | 380 4,895 1,325 167 2.0 2.5 1.0 132 
55 286 | 412 2,215 1,400 264 3.0 1.0 0.5 156 
60 265 | 406 2,225 1,355 284 2.0 2.5 0.5 126 
Average 273 442 2,618 | 1,563 260 3.10 2.5 0.90 151 
B. Six Months Experiment—Group 5 (12 per cent added salt, female adrenalectomized, uninephrectomized rats) 
Pathology (0 to 5) | 
Body Weight Organ Weights | 
(gm.) (mg.) | Mesentery oa 
Rat Kidney Heart Aorta | _ 
No. Micro. | wid 
Initial | Final | Kidney | Heart |Thymus| Gross ‘i | Vessels one Vessels Gross | Micro. | . 
| 
1 300 | 373 1,845 1,515 | 359 | 2.5 1.0 1.0 0.0 0.0 0.0 | 0.0 0.0 | 178 
2 287 323 1,955 1,965 269 5.0 2.5 1.0 0.0 0.5 0.0 1.0 3.0 178 
3 | 286 354 1,940 1,300 189 2.5 ee 1.0 0.0 0.0 0.0 0.0 0.0 | 160 
4 281 353 1,900 1,260 275 3.3 1.5 0.5 0.0 0.5 0.0 0.0 0.0 145 
6 278 | 326 1,725 1,400 208 3.0 1.5 1.0 0.0 0.0 0.25 | 0.0 0.0 143 
7 | ger |. 337 1,750 1,200 242 2.5 0.5 1.0 0.0 0.5 1.0 |} 0.0 Ce: ). a 
9 271 | 338 2,110 1,135 149 4.0 2.5 1.0 0.0 0.5 1.0 | 0.0 0.0 152 
10 268 331 1,895 1,210 182 2.0 1.5 1.0 0.0 0.25 0.0 0.0 0.0 148 
12 | 260 310 | 1,570 1,180 248 4.0 1.5 0.5 1.0 1.0 1.0 | 0.0 0.0 173 
13 | 261 | 343 1,785 1,290 146 2.5 2.0 0.5 0.0 0.5 0.0 0.0 0.0 142 
16 | 258 320 | 2,000 1,920 304 5.0 4.5 0.5 0.5 3.5 0.0 5.0 5.0 190 
22* | 250 283 1,640 1,215 187 1.0 0.5 0.5 0.5 1.0 0.0 0.0 0.0 132 
24 | 247 328 1,740 1,360 298 1.3 1.0 0.5 0.5 0.5 0.25 0.0 0.0 152 
27 240 303 1,630 1,140 167 2.0 1.0 0.5 0.0 0.5 0.5 0.0 0.0 150 
28* 240 | 268 1,500 1,030 116 1.0 0.5 0.5 0.5 1.0 0.0 0.0 0.0 116 
30* 235 281 1,510 1,020 393 2.5 0.5 0.0 0.0 0.5 0.0 0.0 0.0 120 
33* | 228 297 1,570 995 186 ‘3 3.2 0.5 1.0 0.5 0.0 | 0.0 0.0 120 
34 | 260 311 1,360 1,210 248 1.0 0.5 1.0 0.0 1.0 1.0 0.0 | 0.0 144 
Average | 263 321 1,774 1,297 231 2.61 1.44 0.69 0.22 0.42 0.28 0.33 0.44 149 
| 


* These four rats together in one cage. 
these four rats = 156. 


As can be seen from Table 1vA, their blood 
pressure was within normal limits and few 
changes could be discerned in their kidneys and 
hearts: observations entirely compatible with 
findings obtained in normal rats of that age. 
Group 2: Seven male adrenalectomized, 
uninephrectomized rats, after having reached 
an initial weight of 300 gm., ate ad libitum a 
medium carbohydrate diet containing 4 per cent 
extra salt. Table 1vB shows that their average 
blood pressure was markedly elevated. Heart 
weights were increased considerably. There 
was some damage to the myocardium as repre- 
sented by mild interstitial myocarditis in most 
cases. Damage to the kidneys was striking. 
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Each had large patch of skin eaten away. 


Rats ate poorly and were skinny. Blood pressure without 


Very extensive cast formation and tubular 
degeneration dominated the microscopic pic- 
ture. The glomeruli showed thickening of the 
membrane and loops with partial adherence 
to the capsule. In some rats the capillary loops 
of the tuft had become adherent to one another, 
had retracted and the widened space of Bow- 
man was filled with a protein-rich exudate. 
In other instances, the inflammatory process in 
the glomeruli had led to complete obliteration of 
the tuft. However, only occasionally did the 
glomeruli exhibit the scarring and hyalinization 
which is so conspicuous in malignant nephro- 
sclerosis in man, or in salt-loaded rats overdosed 
with steroids. Apparently these salt-loaded 
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TABLE IV 
Final Organ Weights Kidney Pathology 
(mg.) (0-5) Blood 
No. Body 8 Heart 
Rat Weight Micro. (mm. Hg) 
(gm.) Heart Kidney | Thymus | Spleen} Adrenal | Gross | Micro. 
| Sp | | 
A. One Year Experiment—Group 7 
(Male control rats) 
| 
1 | 460 1,050 1,480 | 28 400 22 1.0 : 0 118 
2 466 1,tze |. 1,390 198 650 20 0.5 0 0 114 
3 478 1,150 | 1,450 | 90 560 22 0.5 1 0 120 
4 484 1,150 1,400 | 166 610 24 0.5 0.25 0 132 
5 490 1,080 | 1,350 72 560 24 1.0 1 0.25 | 130 
6 | 472 1,120 | 1,280 | 126 620 26 0.5 1 0 124 
7 | 491 | 1,210 | 1,450 | 40 590 24 0.5 0 0 | 116 
8 458 | 1,050 1,340 114 580 24 0.5 0 0 116 
9 452 1,000 i300 | 118 710 26 0.5 0 0 118 
10 466 1,150 1,550 120 620 28 0.5 0.5 0.25 120 
11 451 1,070 1,400 | 94 580 26 0.5 ie 0 134 
12 494 1,130 1,440 | 100 450 28 1.0 0 0 114 
Average | 471 1,107 1,402 105 577 24.5 | 0.63 0.56 0 121 
B. One Year Experiment—Group 2 (4 per cent added salt, male adrenalectomized, uninephrectomized rats ) 
1001 560 1,870 | 2,790 147 | | 1.0 20 | 2 172 
1002 652 1,950 4,390 69 4.0 3.0 | 1 156 
1003 515 1,345 | 2,850 100 | | 2.8 146 
1004 559 1,960 | 3,595 | 10@ | ... | ... | 4.5 3.5 | 1.5 | 178 
1005 =| «453 1,980 | 3,775 | 84 | ... .. | 5.0 | 4.0 154 
1006 | 518 1,985 5,900 | 120 | 5:8 4.0 1 188 
Average 517 | 1,775 | 3,615 | 93.8 | 3.4 3.1 1.21 165 


rats were autopsied before hyalinization of the 


added to the diet the changes become more 


glomeruli could take place. Likewise, the marked, again better demonstrable in male 
afferent vessels to the glomeruli were thickened than in female rats. ‘The most important group 
and hypertrophic, which is consistent with the consists of the six male adrenalectomized 
accompanying hypertension ; however, arteriolar and uninephrectomized animals that were 
necrosis was rare. kept on a 4 per cent salt diet for 1 year. These 


Summary: Uninephrectomized, adrenalecto- 
mized rats eating 4 per cent salt diet for 1 year 
showed pronounced parenchymatous and vascu- 
lar changes in the kidneys and a moderate de- 
gree of interstitial myocarditis. The changes 
in the parenchyma of the kidney were more 
pronounced than the changes in the vessels 
and in the glomeruli, which did not progress to 
severe malignant nephrosclerosis. 


COMMENTS 


When compared with normal rats, adrenalec- 
tomized rats consuming 4 per cent salt diet 
reveal only little damage to the parenchyma of 
the kidney and a moderate increase in blood 
pressure, more pronounced in the male than in 
the female rats. When 12 per cent salt is 


animals, compared with the control group, 
had the most marked changes of all the experi- 
mental groups. The adrenalectomies in our 
experimental rats were performed with eare. 
Experience in this laboratory has shown that 
rats will not survive on a minimal salt intake 
after adrenalectomy done with our technic. 
Only when extra salt is added to the diet do 
adrenalectomized rats survive. This is taken 
as evidence that the animals are adrenally 
insufficient and that whatever accessory adrenal 
tissue may remain does not produce enough 
hormones to keep the animals alive on a diet 
with a minimal salt concentration. It is true 
that when adrenalectomized rats are main- 
tained on commercial or experimental diets 
containing 0.5 to 1 per cent sodium chloride, 
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some animals may survive indefinitely when all 
other supportive therapy is withdrawn. Such 
animals may have accessory adrenal cortical 
tissue, but in our experience they remain 
hypersensitive to stress and show other signs of 
chronic adrenal insufficiency. In view of this 
experience, we interpret the data obtained in 
these experiments to mean that uninephrecto- 
mized and adrenalectomized rats may indeed 
have signs of early nephrosclerosis and that 
hypertension may develop. We attribute this 
to the high dietary salt load. Microscopic 
parenchymal damage to the kidney is extensive, 
but damage to the glomerular apparatus is not 
so severe as that noted after salt loading plus 
steroid injections. ‘This is not surprising be- 
cause steroid administration does indeed greatly 
potentiate salt retention and therefore aggravates 
the damage produced by salt loading. Since 
hypertension and early ‘“‘malignant” nephro- 
sclerosis can be produced in rats in the absence 
of the adrenal gland, it is concluded that in 
Selye’s model experiments the salt is the pri- 
mary pathogenic agent. A possible derailment 
of corticosteroid secretion does not, therefore, 
appear to be the primary pathogenic factor. 


SUMMARY 


Male and female adrenalectomized and uni- 
nephrectomized rats were kept on diets contain- 
ing 4 and 12 per cent salt for 6 months and on a 
diet containing 4 per cent added salt for 1 year. 


Hypertension, increased heart weight, and 
microscopic lesions in the kidney consistent 
with early “‘malignant’’ nephrosclerosis were ob- 
served in male rats after 6 months on a 12 per 
cent salt diet, and in male rats after 1 year 
on a 4 per cent salt diet. 

These data reveal that hypertension and early 
nephrosclerosis can be induced by salt loading 
in the absence of the adrenal glands. It is also 
concluded that mineralosteroids of the adrenal 
cortex are not the primary pathogenic agents 
in inducing these conditions. It is probable 
that they merely potentiate the primary 
damaging effect of a high salt load. 
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Panel Discussion 


Chairman: Dr. Arthur Grollman 


DISCUSSION OF PAPERS BY DRS. FRIEDMAN AND FRIEDMAN; DAHL; KOLETSKY; AND 
WILGRAM AND INGLE 


GeorGE MENEELY (Nashville, Tenn.): I think 
there are two kinds of salt hypertension and I will 
show you in a subsequent presentation that they 
have quite different electrolyte distributions, de- 
pending on whether the rats are eating very high 
levels of salt or just moderate levels of salt. Only 
at the very high levels of salt do we see the severe 
arteriolar disease, which I showed this morning 
and Dr. Koletsky described this afternoon. The 
rats eating less salt have what we conceive to be 
hypertension, but do not seem to have vascular 
lesions or much of any other kind of lesion. 

We think very highly of Dr. Wilgram’s work, but 
we do not agree with his picture at the lower levels 
of high salt feeding. 
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I would like to comment on Dr. Dahl’s northern 
Japanese fellow who ate 55 gm. of salt. I made a 
few calculations, and if I am correct, a Japanese 
farmer who lives to a ripe old age and eats 55 gm. 
of salt each day during his life would have his glo- 
meruli filter 277,200 pounds or 138 tons of salt. 
Somewhere in his backyard there ought to be a 
two-ton pile of salt! 

Question: Why not a 138 ton pile? 

GeorGE MENEELY: It has to do with the amount 
of glomerular filtrate formed and the amount of 
urine excreted. 

JoHn WELLER: This morning I mentioned that 
we had done an experiment similar to Dr. Koletsky’s. 
We have analyzed aortic and various other tissues. 
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We agree completely, in that we also found sodium, 
potassium, chloride and water contents higher in 
aortas of animals ingesting excess sodium chloride. 
Our technic differs in that we were using 1.75 per 
cent and 2 per cent saline drinking water, which, 
as with removal of the kidney, will promote the 
increase in blood pressure. In the group of rats 
receiving 2 per cent NaCl the blood pressure peak 
was reached at the sixth week, then the blood pres- 
sure declined. During this time the weight of the 
animals decreased too. Usually there is a failure 
to gain weight, but in these experiments we had 
actual loss of weight. ‘The tissues, especially skeletal 
muscle, appeared to be potassium-deficient in this 
particular group of animals. Superimposed potas- 
sium deficiency complicated the electrolyte pattern. 

ME Frecty (Gainesville, Fla.): One thing 
that has always bothered me about sodium chloride 
loading is the change in acid-base balance which 
probably results from long-term treatment. In our 
salt hypertension studies we supply sodium and 
chloride in a 1:1 ratio. Sodium concentration 
of the blood plasma is about 140 mEq. and chloride 
concentration about 110 mEq. per L. This is not a 
1:1 ratio. By requiring a rat to take a1:1 ratio 
over a long period of time, something else has to be 
altered in its internal environment. This may be 
the bicarbonate ion concentration. I would expect 
some changes in acid-base balance in long-term 
salt loading experiments. Has anybody investigated 
this? 

Epwarp Raprorp (Boston, Mass.): We have 
looked at the effects of acid-base balance from the 
standpoint of renal regulation and water excretion. 
We can produce changes in the renal concentrating 
mechanism, which presumably has something to do 
with the medullary distribution of sodium, by alter- 
ing the acid-base balance of the diet. For example, 
adding lysine-free base (0.16 mM./gm. of Purina 
dog chow) for 3 weeks lowers maximum urine con- 
centration in young rats. In old rats the acid-base 
effects are more striking. I will present more of 
these results later, but with regard to excretion of 
water in relation to electrolytes, there does seem to 
be a relationship between acid-base balance and the 
kidneys. 

Epwarp Freis (Washington, D. C.): Perhaps 
Dr. Koletsky will discuss the reasons why he thinks 
that hypertension is not the cause of the vascular 
damage. It is my impression from reviewing the 
literature that it probably is. The experiments of 
Gaunt and others have shown that if the elevation 
of blood pressure in corticoid and renal hypertensive 
rats is prevented by antihypertensive drugs, the 
vascular lesions do not occur. I believe another 
investigator has mechanically elevated the pressure 
in the carotid artery of the rat with a pump and, 
within 3 or 4 days, noted lesions in the vessels of 
the kidneys. I hope Dr. Koletsky will comment a 
little more on this. 


Louis Tostan (Minneapolis, Minn.): I find it 
difficult to avoid the evidence of the experiments of 
Robert and Nezamis (Experientia, 13:457, 1957) 
in which they ligated one carotid artery and not the 
other while inducing DCA-salt hypertension in rats. 
They observed extensive lesions on the side of the 
brain in which the full pressure was perfusing the hem- 
isphere. However, on the other side, where the 
pressure was abated, but where various biochemical 
constituents were still present, they observed very 
few lesions. The most obvious difference between 
the two sides was one of blood pressure. 

Epwarp Raprorp: In a fairly large series of 
rats with latex encapsulation of the kidneys, sacri- 
ficed about a year after encapsulation, we found no 
correlation between the incidence of mesenteric 
arteritis or generalized vascular disease and blood 
pressure obtained prior to autopsy. Wissler (per- 
sonal communication) has observed the same lack 
of correlation between vascular disease and blood 
pressure in a larger group of rats. This does not 
necessarily refute what Dr. Tobian has said because 
the presence of a moderately elevated blood pressure 
may be required for the development of a full-blown 
lesion. There are reports in the literature of re- 
gression of eye ground changes in untreated human 
patients with no change in blood pressure. Perhaps 
some of you have had direct experience with this 
question. 

Lewis Daut: Relative to Dr. Koletsky’s point, I 
have long believed that sodium had a very basic 
function in the diseases of the blood vessels associated 
with hypertension. We, too, have frequently ob- 
served the phenomenon of fundi clearing up with 
no apparent diminution of blood pressure, and I 
think this is a common observation of most people 
who have clinical experience. ‘Therefore, my own 
belief is that patients whose blood pressure does not 
respond to sodium restriction should still have their 
sodium restricted. 

SyDNEY FRIEDMAN: I want to get into the argu- 
ment about eggs and chickens, but only indirectly. 
Relative to the possible actions of salt, it is one thing 
to talk about salt and another thing to talk about 
the mechanism involved. If one starts with the 
fact that the contractile machinery is in the smooth 
muscle cell, one can assume that, in general, it is 
probably similar to the contractile machinery in 
other types of muscle and that ionic distribution 
probably is involved. Generally speaking, one 
isn’t then surprised that the systems which control 
the distribution of salt and water must necessarily 
be involved in the regulation of blood vessel tone. 
We have directed our work at the muscle cell and 
have attempted a study of the interrelation of the 
three basic salt and water control mechanisms—the 
kidney, the adrenal and the neurohypophysis. We 
are concerned with their interrelationship in deter- 
mining the final end product across the cell. These 
three are discussed as if they were all independent, 
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but if one is dealing with a control system they can’t 
be independent; they must function in an inter- 
dependent manner. We have paid particular at- 
tention to the neurohypophysis-mineralocorticoid 
relationship and noted that there seems to be a 
seesaw relationship. Ordinarily, when you administer 
a mineralocorticoid such as DCA, you suppress the 
neurohypophysis. ‘There is a delay period preceding 
the onset of the blood pressure rise and this delay 
period is slightly exaggerated if the animal is neuro- 
hypophysectomized. If minute amounts of vaso- 
pressin are administered with the DCA in this 
initial stage, one can abolish completely the delay 
period in the onset of DCA hypertension (Friedman, 
S. M., et al., Endocrinology, 67: 752, 1960), indicating 
that there is a correlation between the two functions. 
In so far as transmembrane distribution of ions is 
involved, it can be shown that the net effect (nothing 
to do with mechanism) of vasopressin given with 
DCA or vasopressin with aldosterone is additive 
as if both were acting in the same general direction 
(Friedman, S. M., et al., Am. J. Physiol., 199: 1195, 
1960). Thus, in acute experiments one can demon- 
strate a shift of sodium across the cell membrane 
induced by vasopressin, and if the animals are pre- 
treated with DCA, this is remarkably exaggerated 
long before the blood pressure has increased. ‘This 
can be demonstrated within 5 or 6 days of DCA 
treatment. Therefore, these functions should not be 
considered an isolation. Recently, Genest and his 
colleagues (J. Clin. Invest., 40: 338, 1961) reported 
a striking observation that angiotensin increases the 
secretion of aldosterone; thus, they have tied the 
adrenal-kidney control mechanisms together. We 
haven’t a clue about the feedback system. If we 
just define the control mechanism, however, we know 
there must be feedback. 

Does anybody know what feeding excess salt does 
to vasopressin levels? Ordinarily, salt feeding is a 
good stimulus for the secretion of vasopressin. Is 
this a combination of vasopressin and mineralocorti- 
coid or excess vasopressin alone? I am suggesting 
that we might stop trying to decide which is the 
chicken and which is the egg in the question of 
blood vessel pathology versus rise in blood pressure. 
For every argument raised in support of one position, 
an opposite one may be raised for another. In meta- 
corticoid hypertension, which we produced years 
ago and first called ‘“‘post-DCA-sustained hyper- 
tension” (this is the hypertension which persists 
after the cessation of acute intense periods of DCA 
treatment), there is no relationship between vascular 
lesions and elevation of blood pressure. 

Metvin Frecty: I do not have the answer to 
Dr. Friedman’s question about the level of vaso- 
pressin in animals with salt hypertension but we 
have tried unsuccessfully to induce salt hypertension 
in hypophysectomized rats. Admittedly, these ani- 
mals had more physiologic problems than just de- 
creased blood levels of vasopressin and diabetes 


OCTOBER 1961 


insipidus, but we could not induce hypertension 
even though the experiments were carried out over 
long periods of time. 

Cuartes Hartt (Galveston, Texas): We can 
confirm that. We have not been able to either. 

Lewis DauiL: We have recently labeled anti- 
diuretic hormone (ADH) with tritium and radio- 
active iodide and studied ADH turnover in dogs 
fed salt for 5 years as well as in people with and 
without hypertension. We were not able to discern 
any effect of salt feeding on turnover of ADH. 

FLoyp Sketton (New Orleans, La.): I have al- 
ways thought that the dog was more capable of 
handling a salt load than was the rat, and that in 
this respect the latter species was much more like 
man. ‘This may be the reason why the dog is so 
resistant to the salt-type of hypertension. 

Like all morphologists, I have been interested 
in the question of which comes first, the vascular 
lesions or the elevation in blood pressure. In as- 
sociation with Drs. Jack C. Geer, Henry C. McGill, 
Jr. and Issei Nishimori a study was made of the 
renal changes which occur during the developmental 
phases of adrenal regeneration hypertensive disease, 
using both light and electron microscopy, in an 
attempt to determine whether detectable lesions 
were present before the onset of hypertension (Lab. 
Investigation, 10: 51,1961). Although this particular 
type of hypertension develops rapidly, we believe 
that the nature of our sampling was such as to give 
us a reasonable idea of what was taking place. Le- 
sions were found in the glomeruli of control rats 
which did not become hypertensive as well as in rats 
bearing regenerating adrenals before there was eleva- 
tion in blood pressure. The lesion in control rats 
consisted of lobulation of the glomerular tuft and 
the presence of homogeneous ovoid bodies in the 
cytoplasm of epithelial and mesangial cells. Glomer- 
ular necrosis occurred infrequently, and then only 
after 63 days. No arterial or arteriolar lesions were 
seen. 

In rats bearing regenerating adrenal cortical 
tissue, glomerular changes were the same as in 
control rats until 14 days after enucliation. There- 
after, the changes became progressively more severe, 
characterized essentially by necrosis in light micros- 
copy and in the electron microscope, by the accumu- 
lation of larger and more numerous ovoid bodies in 
epithelial and mesangial cells, loss of epithelial cell 
foot processes and the appearance of dense, finely 
granular material between normal-appearing base- 
ment membrane and mesangial cells. Finally, 
necrosis of epithelial cells occurred and cellular 
debris was seen in Bowman’s space. 

Fat droplets were observed by light microscopy 
in the media of occasional small arteries and arterioles 
before the blood pressure reached hypertensive levels 
but it was not until significant hypertension was 
present that medial necrosis appeared prominently. 
The severity of this change progressed about in 
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proportion to the rise in blood pressure. In the 
electron microscope the process of necrosis was 
characterized by increased cytoplasmic density, 
the presence of dense, irregular particles and ovoid 
bodies completely or partially surrounded by a 
limiting membrane occasionally containing frag- 
ments of membranous material within their sub- 
stance. It is our present belief that the glomerular 
and arteriolar changes are separate phenomena. 

A recent paper by Okata et al. (Proc. Soc. Exper. 
Biol. @ Med., 102: 187, 1959) is germane to the 
question of whether hypersensitivity is involved in 
the development of the polyarteritis type of arterial 
lesions. In rats with DCA hypertension these 
investigators were able to localize gamma globulin 
in the walls of damaged arteries by the fluorescence 
antibody technic, yet they suggest that antibody may 
nct be required for this process. The true significance 
of this observation must await further study. 

Another point in question in the genesis of vascular 
lesions of hypertension is the elevation of pressure 
per se. The first report in which elevation of blood 
pressure was induced by mechanical means (Byron, 
F. D. and Dodson, L. F., J. Path. and Bact., 60: 357, 
1948) suggested that it could produce the necrotic 
and proliferative lesion called polyarteritis in the 
rat. Although these lesions were certainly poly- 
arteritis it has always seemed doubtful to me that 
they could have arisen in the time between elevation 
of the intravascular pressure and sacrifice of the 
animals. Furthermore, the method of raising intra- 
vascular pressure was simply to inject physiologic 
saline into the renal artery from a syringe. This, 
of course, produced only a transitory elevation in 
pressure, even though repeatedly done, and the 
magnitude of the elevation was totally unknown 
and totally uncontrolled. Similar experiments have 
been done in at least two other laboratories. Mas- 
son, Corcoran and Page (Rev. Canad. de Biol., 10: 
309, 1951) observed vascular lesions in a few animals 
following elevation of intravascular pressure but 
Schaffenburg and Goldblatt (Proc. Soc. Exper. Biol. 
& Med.,96: 421, 1957) completely failed to produce 
arterial necrosis by elevation of the intraarterial 
pressure alone. Personally, I am more inclined 
to accept the results of these latter investigators 
because their methods allowed for better control of 
the increase in pressure and the increase was greater 
than that produced by previous workers. 

Thus, if pressure change is involved in the produc- 
tion of arterial necrosis it may depend upon the 
rapidity at which the pressure rises, the duration of the 
pressure increase, the pulse pressure or other factors. 

I would like to ask two questions. Are there 
differences between the sexes in the development 
of either salt hypertension or DCA hypertension? 
Has anyone been able to induce hypertensive disease 
by pituitary preparations which presumably would 
act through endogenous secretions of adrenal ster- 
oids, and if so, was there any sex difference? 


CHARLES HALL: In reference to distribution of 
lesions as they pertain to DCA and salt hypertension 
and to a lesser extent to the salt hypertension we have 
seen in our laboratories, I have not yet seen a case 
of the periarteriolar type in the mesentery and pan- 
creas or elsewhere in an animal which was not hyper- 
tensive. On the other hand, I have seen hypertensive 
animals that did not show such periarteriolar lesions. 
The assumption is that one has to have hypertension 
in order to get these lesions, but that they are not 
dependent upon hypertension itself, rather on some 
other factor which may go along with it. In respect 
to salt hypertension as such, we have not studied this 
specifically, but recently we had occasion to run a 
long-term salt control for other experiments. I have 
seen individual cases of glomerular sclerosis in ani- 
mals without their ever having been hypertensive; 
most of them are entirely normal. If one looks at 
the heart, one finds that it is possible to get necrotizing 
vascular lesions with the usual granulomatous changes 
in hypertensive animals which have been hypophysec- 
tomized and given DCA and salt. On the other 
hand, when we have studied the metacorticoid forms, 
we have seen no cardiac lesions whatsoever. The 
assumption must be that they have had them and 
they went away; I can see no other explanation for 
this. We have been unable to find the scar tissue 
which was left behind after they regressed. Even 
though they had a higher blood pressure for a longer 
time, they did not have cardiac lesions, but the 
mesenteric lesions were phenomenal and the renal 
lesions were minimal. 

Howarp Swann (Galveston, Texas): May I 
ask Dr. Dahl a question? Abrams and associates 
(Am. J. Physiol., 156: 233, 1949) reported on the 
salt appetites of rats with experimental hypertension 
which were exactly the opposite from hypertensive 
human subjects. The hypertensive rats do not like 
salts as much as the normal rats. 

Lewis DAHL: Many people have asked me this 
question and my only answer is that rats are really 
smarter than human beings. I don’t have any 
answer except that there are suggestions that this 
may not be true! 

ARTHUR GROLLMAN: Dr. Wilgram, did I under- 
stand you to say that you were disturbed at not being 
able to implicate the kidney? Certainly you revealed 
enough lesions in the kidney! Moreover, one can 
induce hypertension in the dog after removing the 
adrenals and without any added salt. In your ex- 
periment, removal of one kidney involves renal dam- 
age as well as any observed morphologic damage to 
the blood vessels! 

GeEorGE WitcRAM: This morning I was impressed 
that the emphasis on the primary site of the damaging 
effect of salt was shifting away from the kidney toward 
the peripheral vascular bed. While I cannot dispute 
the importance of the peripheral vascular bed in 
salt hypertension, the kidney showed such dramatic 
changes in our experiments that I feel our results 
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might support some of the older views on the patho- 
genetic importance of the kidney in salt hypertension. 
The primary damage in the kidney might occur either 
in the glomerulus or in the tubules but it is more 
likely in the former. 

ARTHUR GROLLMAN: Dr. Koletsky, there is a 
serious objection to your interpretation of the experi- 
ments in which you removed the kidneys and ad- 
ministered salt; namely, the confusion of an eleva- 
tion of blood pressure with hypertension. A normal 
animal, if overloaded with salt, may show a rise in 
blood pressure, but one should not conclude that 
hypertension has been induced. The salt cannot 
escape once the kidneys are removed, hence, the 
elevation in blood pressure. To designate the 
observed elevation in blood pressure as hypertensive 
disease and draw any conclusions regarding this 
disorder as it occurs in human beings is mere sophistry. 

Kotetsky: First, I hope I have said 
nothing that will be construed as opposed to the 
role of the kidney in hypertension. I have no doubt 
that an important cause of hypertension is renal 
injury. The issue involved is whether a disease 
called essential hypertension in man has a primary 
renal basis. 

Dr. Meneely’s point on two kinds of hypertension 
has not been clear to me. When we salt load rats 
chronically, we get instances of high blood pressure 
without significant vascular disease. When there 
is such disease in benign hypertension, it is the same 
kind as seen in the so-called malignant phase. I 
do not believe that there are two kinds of vascular 
lesions which accompany hypertension in the rat, 
and I am not sure as to how any method of producing 
high blood pressure in the rat can be divided into 
benign and malignant forms in the sense that the 
morphologic vascular lesion is different as it is in 
man. The necrotizing element in man in the malig- 
nant stage is not seen as a rule in the benign phase. 

Those of us who feel that high blood pressure is not 
necessarily the cause of vascular disease are in the 
minority. In Cleveland one camp believes hyper- 
tension to be the cause of vascular diseases and the 
other camp is notsosure. The evidence to be derived 
from excess pressure is not too good. Johnson and 
Moore (Proc. Soc. Exper. Biol. @ Med., 79: 138, 1952) 
and Muirhead et al. (Arch. Path., 50: 137, 1950) 
have been unable to confirm it. I have seen slides 
in some instances in which lesions were claimed to 
have resulted, and I have not been entirely confident 
of the investigator’s results. I hope I was not 
prejudiced at the start, because I think one has to 
look at this material with great care. One valid 
line of evidence that hypertension causes vascular 
disease is the clip. When you put a clip on an 
artery the yield is a hypotensive situation beyond that 
clip. However, a clip does more than induce 
hypotension; it changes rates of flow and it may 
change chemical composition of the blood. This goes 
back to Wilson and Byrom’s experiment with uni- 
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lateral clips (Quart. J. Med., 10: 65, 1941). A clip 
on one renal artery yields renal hypertension in the 
rat. Vascular disease does not develop in the 
protected kidney whereas the unprotected kidney 
deteriorates. However, if you take out the un- 
protected kidney, the protected kidney will then 
light up with striking vascular disease, but the clip 
is still there and it should still be protecting the organ. 

Davin Gorpon (Miami, Fla.): This is only a 
relative protection. The pressure must be low but 
only relative to the pressure on the other side. It 
must be 180 mm. Hg on one side and 200 on the 
other. 

Smmon Ko.etsky: They went beyond that argu- 
ment and suggested that the vascular constriction 
developed in the clipped kidney. The only point I 
would like to make is that in an experimental set-up 
like this, you are now adding other etiologic possi- 
bilities when the unprotected kidney is removed. 
You add the possibility of a renal contribution to 
the lesion and the possibility of the renal disfunction 
as well as the factor of altered blood flow. At any 
rate, there is a difference of opinion here, even 
though the view of the majority is that hypertension 
is the culprit. 

Dr. Skelton has said a number of things with 
which I can agree in toto. ‘There are early changes 
that antedate the hypertension as shown by special 
technics, one of which is electron microscopy. Rather 
than talking about the hypertension causing the 
vascular disease, perhaps we may have to switch 
the table around. I think most of us will agree that 
polyarteritis is not due to hypersensitivity. I agree 
with Dr. Hall in that I too find it difficult to demon- 
strate these lesions if the animals are not hyper- 
tensive. However, I don’t think that this necessarily 
means that therefore they are caused by the hyper- 
tension. 

In reply to Dr. Grollman’s comment on removal 
of the kidneys and then adding salt, when I take 
three-fourths of the total kidney mass out and load 
the rat with salt, I do believe that I am inducing 
hypertensive cardiovascular renal disease in the 
true sense. 

ARTHUR GROLLMAN: How long do you wait after 
you do this? Only for short periods, as I recall your 
illustrations. 

Smon Kotetsky: Yes, I get lesions within a week 
or two. This is a replica of salt hypertension, only 
accelerated in form. 

ARTHUR GROLLMAN: The matter of time is an 
important point of differentiation. In the human 
being we are dealing with a chronic disease which 
goes on for years; to merely induce an elevation of 
pressure, albeit accompanied by vascular lesions, 
does not imply that you are inducing the same dis- 
ease. There has been confusion in relating the 
“malignant” to the so-called ‘“‘benign” stage of 
essential hypertension. There is nothing “benign” 
or “‘essential” about a disease which is going to kill 
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you! ‘There is nothing “‘malignant” about it except 
that it is usually fatal! 

Incidentally, the results on the dog surviving 10 
years of hypertension and not showing any lesions 
leave some question in my mind. All studies indi- 
cate that the lesions appear long before the 10 years 
are up. Even studies of so-called ‘‘neurogenic”’ 
hypertension from Schroeder’s group _ indicated 
also the presence cf lesions; but we found none in 
our animals and do not believe that this preparation 
represents true hypertensive disease. If you pet 
the animals or have them run around the building for 
exercise, you will find their blood pressure comes 


down to normal. It is only when you excite them 
after removing the buffer nerves, that you get these 
elevated pressures. I don’t consider that hyper- 
tension. We have found cardiac hypertrophy, which 
is certainly an organic change, in al] hypertensive 
dogs kept for any length of time. One would 
anticipate that the vascular changes in the rat 
might be different from those in the human subject 
and one could hardly expect identical changes in the 
vessels of a rat and human beings. The existence 
of certain morphologic differences is no valid ground 
for denying the fact that we are dealing with the same 
disease. 
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ODIUM CHLORIDE, commonly designated as 
S *‘salt,’ has been a constituent of the en- 
vironment of living things from the time of their 
first appearance in the primeval oceans. Ac- 
cording to geochemists, the first oceans were 
perhaps less briny than they are now, but, 
in any case life began in a salty marine en- 
vironment and it is not unexpected that this 
highly diffusible substance should have become 
a basic constituent of our unicellular ancestors 
and an essential component of all protoplasmic 
systems. When the marine environment was 
ultimately abandoned, salt remained as the 
principal inorganic constituent of the extracel- 
lular fluid in which the cells of the organism 
were now immersed. Salt water surrounds 
every cell of our body as it did in our most 
remote ancestors. 

Salt has occupied a place of importance from 
the earliest times of recorded history as may be 
noted from allusions to it in early literature and 
the proverbial and allusive senses in which the 
term “‘salt’” is used in many languages. The 
association of salt with the sea is the basis for 
the origin of the word from the Greek for sea, 
and from which the term halite is also derived. 
The piquancy of salt led to its association early 
with pleasures of the mind, effusions of wit and 
the amenities of life, as reflected in such ex- 
pressions as “‘salt of the earth,” “‘the saltiness 
of youth,” etc. The American Indian called 
it ‘white magic.” 

Primitive man no doubt cherished salt and 
used it whenever available. Archeologic evi- 
dence indicates its use in the cooking of wheat 
and barley by cavemen 5,000 years ago and 
records of its production by solar evaporation 
and mining go back to earliest times. Neverthe- 
less, certain ethnic groups apparently never 
had contact with it. 


Dietary Use oF SALT 


The salt intake varies considerably in various 


communities. The French are reputed to add 
3 per cent of salt in their baking, whereas in 
the south of England very little salt is used for 
this purpose. It is generally stated that the 
average intake of salt by the American populace 
is about 5 to 10 gm. per day, but my analysis 
of the urinary salt output of a series of patients 
indicated a daily intake from a minimum of 3 
gm. in those avoiding the addition of salt to 
their food to as high as 30 gm. in those who ad- 
mittedly used it profusely. The majority of 
subjects took from 7 to 15 gm. of salt daily. 

It is generally believed that the craving for 
salt by different peoples depends on the nature 
of their diet. Cereal and vegetable diets stimu- 
late the desire for salt; pastoral populations 
living on animal diets require none and hence 
crave no salt. The Kirghizes of Turkestan and 
the Bedouins of Arabia, for example, are 
said not to utilize salt, the latter finding its use 
ridiculous. 

Wild animals, which unlike man often show 
an instinctive intelligence towards their diet, 
have a great fondness for salt and travel long 
distances to salt licks in order to satisfy this 
taste. However, this is only true of the her- 
bivora whose salt intake is normally low but 
whose potassium intake is very high. A marked 
deficiency of salt interferes with the growth and 
milk output of dairy cows and, when extreme, 
may lead to serious illness. The carnivora, 
as might be anticipated, need no added salt 
and show no craving for it. 

The appetite for salt manifested by the human 
being appears to be an acquired habit rather 
than a reflection of any innate need for this sub- 
stance. Young children show a dislike for 
salted food when first presented with it. Since 
salt adds to the piquancy of many articles of 
food, it is not surprising that it has assumed an 
important place with other condiments in the 
culinary arts. On the other hand, the in- 
discriminate use of salt as well as of other con- 


* From the Department of Experimental Medicine, University of Texas, Southwestern Medical School, Dallas, 


Texas. 
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diments destroys the natural flavor of foodstuffs 
and its avoidance for reasons of health involves 
no great sacrifice. 


GENERAL BIOLOGICAL CONSIDERATIONS 


Salt is an ubiquitous constituent of all plants 
and animals as well as of their terrestial en- 
vironment. As the chief electrolyte of the 
extracellular fluid its concentration is of vital 
importance in maintaining the functional in- 
tegrity of the cells; constancy of the sodium and 
chloride content of the body constitutes one of 
the important factors in homeostasis. In so 
complex a mechanism as the living body this 
constancy of the internal environment must be 
maintained within very narrow limits and de- 
viations of only slight degree will result in 
marked dysfunction, and when extreme, in the 
death of the organism. 


DISTRIBUTION IN THE Bopy 


The total sodium and chloride contents of 
the body increase in parallel fashion as the 
fetus grows, reaching maximum concentrations 
of 94 to 118 mEq. per kg. for sodium and 69 
to 76 mEq. per kg. for chloride at about the 
fifth month of intrauterine life. Thereafter, 
the concentrations decline until at term the 
infant contains about 76 mEq. per kg. of Na and 
about 50 mEq. per kg. of Cl. This decline con- 
tinues with growth and age and is more pro- 
nounced for chloride. Dilution technics with 
radioactive Na and Cl have been used to de- 
termine the total exchangeable amounts of 
these ions which are metabolically and function- 
ally active in the body. Such studies indicate 
that considerable amounts of sodium are fixed 
in tissues, chiefly bone. For chloride, the dilu- 
tion values which are close to absolute values 
for the total amount in the body in the new- 
born also show a slight divergence in the adult, 
indicating the presence of some chloride in a 
fixed nonlabile form. 

Sodium and chloride are the most abundant 
inorganic elements present in the extracel- 
lular fluid, being present in blood plasma in a 
concentration of about 140 and 100 mEq. per 
L., respectively; their concentration in the in- 
tracellular fluids is only about a fifth as large. 
The maintenance of this physicochemical dis- 
equilibrium between the cells and their en- 
vironment necessitates the expenditure of en- 
ergy and attention has been given recently to 
the elucidation of the mechanism of the “‘so- 


dium pump” whereby sodium is excluded from 
the cell. A notable exception to the low in- 
tracellular content of sodium is shown by the red 
blood cells of the dog, cat, goat and sheep, 
in which species sodium is the main intracel- 
lular cation rather than potassium as in man 
and other species. The significance of this 
difference is unknown. 


PHysIoLoGic ROLE 


Since sodium chloride is dissociated in 
aqueous solution to form sodium and chloride 
ions, it does not exist as an entity in the body 
and we must consider its constituent ions sep- 
arately insofar as their effects on the organism 
are concerned. Since sodium and chloride 
constitute most of the ionic constituents of ex- 
tracellular fluid, they will play the major role 
in determining the osmotic pressure of this 
body fluid compartment and in considering 
osmotic relationships one may disregard such 
other ions as potassium, calcium, magnesium, 
bicarbonate, etc., which are present in relatively 
small amounts. Sodium and chloride will 
thus be concerned intimately with the control 
of the volume of the interstitial fluid and of the 
water content of the tissues, with the main- 
tenance of the volume and pressure of the cir- 
culating blood and with the regulation of the 
total amount and distribution of the body water. 

Relation of Na to Other Ions. In addition to 
its described role as an osmotic regulator, the 
sodium ion also is concerned in several more 
specific actions involving various vital processes. 
It has thus long been known that the irritabil- 
ity of protoplasm and the capacity of unicel- 
lular organisms to live in fluids of varying sodium 
content depend upon the concentration of this 
ion. In this respect, however, sodium does not 
play an independent role but is intimately re- 
lated to the other ionic constituents which must 
be in a fixed relationship in order to maintain 
normal physiologic activity. Na ion leads a 
separate existence in solution but is affected 
by the presence of other ions. Consequently, 
we must always consider the relative concentra- 
tion of Nat to Kt, Mgtt, Catt and H? in 
evaluating their functional effects. Thus, the 
irritability of cells, as reflected, for example, 
in the electrocardiogram, will be determined 
not only by the level of the K* present in the 
plasma but also directly with the Nat and 
inversely with the Ca++ and Mg*t* concentra- 
tions. Thus, the classical effects of hypoka- 
lemia on the electrocardiogram may be absent 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Salt in Health and Disease 595 


in the face of hypernatremia, hypocalcemia 
or hypomagnesemia. 

The interrelationship of sodium to other 
ions is also evident in its behavior particularly in 
the kidney in which the production of an acid 
urine and the excretion of potassium are de- 
pendent upon an exchange of sodium for 
hydrogen and potassium ions, respectively. 
One finds, accordingly, that the effects induced 
in certain abnormal states will be dependent 
upon the availability of sodium. In the case 
of potassium depletion, for example, one ob- 
serves very little symptomatic effect, despite a 
marked potassium deficit in the cells, if the 
sodium intake has been maintained at a low 
level. On the other hand, in the presence of a 
high sodium intake, sodium enters the cell and 
the characteristic symptoms of potassium- 
depletion appear. Likewise, patients manifest- 
ing tubular acidosis may be maintained in a 
relatively good condition if their sodium intake 
is restricted. On the other hand, if sodium 
is given, there is a loss of sodium bicarbonate in 
the urine and acidosis with its accompanying 
symptoms appears. 

Role of Nain Extracellular Fluid Osmotic Pressure 
and Volume: Sodium accordingly may be 
considered as exerting a dual role in the organ- 
ism. As a constituent of protoplasm and as the 
major cation of plasma it must be looked upon 
as an important structural part of the living 
organism. In the extracellular fluid it con- 
stitutes the main cation which determines the 
osmotic pressure of this body fluid. Deviations 
in its concentration by altering the osmotic 
pressure will result in the transfer of water 
between the cellular and extracellular space and 
give rise to the phenomena of dehydration and 
edema observed in disease. 

Since each gram of salt is accompanied by 
approximately 125 ml. of water, the loss or 
accretion of only 8 gm. of salt will result in the loss 
or gain of a liter of water—a considerable quan- 
tity when one considers the total water content 
of the body. The loss or gain of this amount 
of fluid from the extracellular space is mitigated 
however by the exchange of water between the 
relatively small extracellular and the much 
larger intracellular compartment which ac- 
cordingly can act as a buffer and reduce the 
otherwise catastrophic effects of large changes in 
volume of the vascular space. This buffering 
capacity, however, is limited to water, losses 
or gains of which impose only minor changes 
in the volume of the extracellular fluid. Since 
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sodium, unlike water, is excluded from the 
intracellular compartment, alterations in the 
body content of this cation result in marked 
changes in the volume of the extracellular and 
vascular spaces and bring about drastic effects 
on the circulation. 

Na in Acid-Base Balance: Salt, as already 
indicated, plays an important role in the main- 
tenance of the normal acid-base balance by the 
stabilizing action of the sodium buffer systems 
present in the extracellular fluids. Sodium 
bicarbonate serves to carry the principal acid 
of body metabolism, carbon dioxide, to the 
lungs. The interaction of sodium ions with 
disodium phosphate and with the serum pro- 
teins helps to maintain neutrality in the body. 
In addition, sodium exchanges for hydrogen 
and for potassium in the distal tubule and 
it is evident therefore that the quantity of 
sodium in the tubular fluid will determine the 
rate of excretion of both potassium ions and 
hydrogen ions. This accounts for the potassium 
losing effect of large doses of sodium salts and 
the exacerbation of potassium deficiency by a 
high salt diet as well as for the effect of a high 
salt intake on the excretion of sodium bicarbon- 
ate in tubular acidosis. 


NoRMAL CONTROL OF SopIUM METABOLISM 


Kidney: The sodium content of the tissues 
and body fluids is maintained normally at a 
very constant level by balance of the amount 
ingested and that lost from the body. The 
principal avenue of excretion is by the kidney, 
only small amounts being excreted normally 
through the bowel (50 to 100 mg. per day) 
and perspiration (15 to 80 mEq. per L.) except 
at high environmental temperatures or during 
heavy work. The kidney acts as the chief 
control of the sodium content of the body and 
it is through the action of this organ that the 
accumulation of sodium in such conditions 
as congestive heart failure is mediated. When 
the sodium intake is reduced or when the kidney 
is activated to retain sodium, this organ has 
the capacity to reduce the sodium output to 
almost negligible quantities, a capacity not 
manifested towards potassium. It is for this 
reason that in the presence of normal renal 
function and in the absence of abnormal losses 
through the bowel or skin, drastic sodium 
restriction results in no serious sodium deficiency. 

Adrenal Cortex: The kidney in turn is regulated 
in its control of sodium excretion by the adrenal 
cortex, by changes in vascular hemodynamics, 


| 
j 
| 


596 Grollman 


and by action of the central nervous system as 
well as possibly by other unknown mechanisms. 
Exactly how these act is not known although 
much work has been carried out to elucidate 
the problem. The adrenal cortex mediates its 
effects on the metabolism of sodium not only 
through its action on the kidney but also by a 
direct effect on the sodium content of other tis- 
sues as-has been demonstrated by studies on the 
nephrectomized animal. Desoxycorticosterone 
and aldosterone, the mineralocorticoids, induce 
sodium retention and potassium excretion by 
their action on the tubules. The retention 
of sodium observed in congestive heart failure, 
cirrhosis of the liver and nephrosis is in part at 
least mediated by the increased secretion of 
aldosterone which occurs in these disorders. 
The adrenocortical mechanism thus operates to 
conserve body sodium and thereby blood 
volume and ionic balance between the cells 
and their environmental fluids. 

In the absence of any abnormal losses of 
salt from the body as in excessive sweating by 
unacclimated subjects there is no need for 
supplementing the intake of salt since normally 
the amount present in foods far exceeds the 
needs of the body. The capacity of the kidney 
to excrete salt is also of such magnitude (300 
mEq. per L.) that it is difficult to ingest an in- 
tolerable amount, particularly since thirst is 
stimulated in the process. However, it does not 
follow that such excessive chronic intake might 
not eventually induce injury and participate in 
the pathogenesis of hypertension and athero- 
sclerosis as has been demonstrated to occur in the 
rat. 


ABNORMALITIES OF SODIUM METABOLISM IN 
DIsEASE 


A number of diverse experimental and clinical 
conditions induce a deviation in sodium metab- 
olism. Excessive sweating may under extreme 
conditions cause the loss of as much as 30 gm. of 
salt per day; diarrhea and vomiting may 
under extreme conditions result in the loss 
of as much as 50 and 25 gm., respectively. 
The chief sources of loss observed clinically are 
through the kidney as in adrenal cortical insuffi- 
ciency, acidosis, salt-losing nephritis, the ad- 
ministration of excessive amounts of. diuretics 
and cerebral disease. Loss of sodium may also 
occur through abnormal channels as in hemor- 
rhage, from wounds, ulcers, fistulae or surface 
burns. Losses may be induced by suction 
drainage of the stomach or intestine or by 


paracenteses. All such losses will of course 
be aggravated by a low sodium intake, a not 
uncommon occurrence in patients not eating 
and depending upon parenteral fluids and 
alimentation. 

One may observe in serious illnesses a de- 
crease in the plasma sodium with loss of potas- 
sium from the cell and an increase in its sodium 
content. ‘Tissue injury, as in massive burns, 
prolonged anoxia, exposure to cold, etc., 
may result in a similar condition which reflects 
presumably a loss of the normal capacity of 
the tissues to maintain a high sodium gradient 
across the cellular membrane. A_ decline 
in plasma sodium is frequently observed in 
moribund patients, reflecting the loss of this 
capacity by the dying cell. 

Sodium retention occurs in a variety of 
clinical conditions, notably in congestive heart 
failure, diseases of the kidney, nutritional edema, 
cirrhosis of the liver with ascites, and toxemia 
of pregnancy. Normal pregnancy is associated 
with some salt and water retention with diure- 
sis following delivery. There is no reason to 
believe that the retention of salt in any of these 
conditions, except renal diseases, is a consequence 
of the inability of the kidney to excrete salt. 
On the other hand, there is good evidence to 
support the view that the retention of salt by 
the kidney in these conditions is secondary 
and teleologically may be looked upon as a 
compensatory mechanism to increase the circu- 
lating fluid volume. 


THERAPEUTIC CONSIDERATIONS 


The physiologic role of sodium in the normal 
state and the deviations observed in disease 
would lead one to anticipate that changes in the 
intake of sodium might be of therapeutic im- 
portance. ‘That this is the case can no longer 
be questioned although it is only recently that 
scepticism concerning the value of sodium 
restriction has been dispelled and that this 
has become a therapeutic measure of importance. 

The therapeutic value of administering salt 
in conditions of sodium depletion has been 
readily accepted because of the immediacy 
with which the benefits of such therapy are 
attained. Notable examples of such losses 
through the kidney, gastrointestinal tract or 
skin, respectively, are afforded by Addison’s 
disease, cholera and excessive sweating which, 
as already indicated, results in reduction of 
the extracellular and vascular fluid volumes 
with deleterious effects on the cardiovascular 
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system. ‘The administration of salt to correct 
the deficiency results in dramatic improvement. 
Other conditions associated with loss of elec- 
trolytes and water, such as in diabetic acidosis, 
respond equally well. 

The restriction of sodium in the diet is less 
easily accomplished without recourse to monot- 
onous diets because salt is added to most proc- 
essed foods. Ignorance as to the sodium 
content of food results in the ingestion of 
quantities of salt far in excess of the amount 
which will result in a negative salt balance. 
Unless diets are scrupulously ordered and 
the urinary output of sodium determined as a 
check on the assumed intake, there is no as- 
surance that the patient is actually on a salt- 
restricted diet. A failure to appreciate this 
is responsible for the denial of the benefit of 
sodium restriction, particularly in such con- 
ditions as hypertension, and the indifferent 
success of such therapy in congestive heart 
failure, ascites, etc. 

Because of the difficulty of restricting sodium 
in the diet, as just outlined, the first demonstra- 
ble benefits of sodium restriction clinically 
were obtained by the use of such simplified 
diets as the Karrel milk diet, Kempner’s rice 
diet or fruit diets, but those originally advocat- 
ing the use of such diets failed to appreciate 
the fact that their efficacy was due to the low 
sodium content. 

The rice diet consists of 300 gm. rice daily 
with fruit and fruit juices supplemented with 
sugar, iron and vitamins. The caloric intake 
per day is adjusted to individual requirements, 
providing about 29 gm. protein, less than 3 gm. 
fat, 420 to 570 gm. carbohydrate and 2.5 to 
7 mEq. sodium. The diet allows adequate 
calories but is virtually free of sodium, fat and 
cholesterol and provides a minimum of protein. 
Such a diet is unpalatable, monotonous and 
almost impossible to maintain except under 
special circumstances. When a normal sub- 
ject or a hypertensive patient not in congestive 
failure and with well-preserved renal function 
is placed on the rice diet, the urinary excretion 
of sodium falls virtually to zero within 24 to 48 
hours because of the extraordinary capacity 
of the kidneys to conserve sodium. As a result, 
even after months on the diet, the serum sodium 
drops little if at all. However, if the kidneys 
are damaged, as in glomerulonephritis or ad- 
vanced nephrosclerosis, sodium is often lost 
in the urine and circulatory collapse may follow. 
This may occur also in congestive failure if 
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diuretics are used too assiduously in conjunction 
with rigid sodium restriction. Neither the 
rice-fruit diet nor the low sodium diets change 
the serum potassium levels in congestive heart 
failure. However, in the presence of renal 
insufficiency, the high potassium content of 
fruits and fruit juices may induce dangerous 
hyperkalemia. A moderate degree of hypo- 
chloremic alkalosis often develops on the rice- 
fruit regimen, probably because of the high 
intake of organic acids in fruit and fruit juice. 
This does not occur on ordinary low salt diets. 

The therapeutic effects of the Kempner diet 
or of sodium restriction in essential hypertension 
and congestive failure intractable to other forms 
of treatment are striking. Persistent orthopnea, 
dyspnea and edema disappear and cardiac 
dilatation is diminished. ‘The diets also have 
impressive effects on symptomatology, hyper- 
tension, electrocardiographic changes, cardiac 
enlargement and retinopathy of some patients 
with severe and protracted essential hyperten- 
sion in whom congestive failure is not a prom- 
inent feature. In order to achieve these re- 
sponses in essential hypertension it is necessary 
to restrict the sodium drastically. Less drastic 
restriction is required in congestive failure, 
many patients responding to diets containing 
1 gm. of sodium chloride or even more. 


CONGESTIVE HEART FAILURE 


The importance of sodium restriction in the 
management of congestive heart failure is so 
well established and generally accepted that 
it need be considered only briefly here. There 
has been a renewed interest recently in the 
importance of a large intake of water as part 
of this regimen not only in congestive heart 
failure but also in the other conditions treated 
by sodium restriction. Such combined therapy 
together with a high potassium intake has 
been advocated for angina pectoris as well as 
for hypertension. 

Although several factors are concerned in 
the retention of salt and water in congestive 
heart failure, the retention of sodium by the 
kidneys is one of the earliest manifestations of 
circulatory incompetence as demonstrated by 
Barger and his co-workers. In fact, retention 
of sodium precedes any measurable rise in ve- 
nous pressure and is present even before there 
is a demonstrable decrease in glomerular 
filtration rate. However, there is a demonstra- 
ble decrease in renal plasma flow and it is 
possible that a significant decrease of the glo- 
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merular filtration rate not detectable by present 
methods is responsible for the retention of 
sodium. In any case, it is apparent that in 
circulatory failure the kidney responds by 
retaining salt and water which accumulate 
in the body as edema. 


HYPERTENSION 


Sodium Restriction and Sodium Depletion: The 
role of sodium in the pathogenesis of hyper- 
tension and of sodium restriction in the treat- 
ment of this disorder has stimulated many 
studies. Since many of these will be considered 
by other speakers in this seminar, only the 
salient points need be considered here. Sodium 
occupies so vital a role in the animal economy 
that it is not surprising that its restriction 
should affect so labile a function as the blood 
pressure. Grollman and Harrison, in 1945, 
demonstrated the effectiveness of sodium re- 
striction in lowering the blood pressure and 
prolonging the survival of hypertensive rats. 
These authors applied this procedure to hyper- 
tensive patients and demonstrated that it 
was necessary to restrict the sodium intake 
drastically in order to elicit a drop in blood 
pressure and that moderate restriction was 
of no avail for this purpose. They demon- 
strated for the first time that it was the sodium 
rather than the chloride ion which was responsi- 
- ble for the hypotensive effects of salt restriction 
and that the intake of sodium salts such as 
sodium bicarbonate or sodium phosphate, pre- 
viously allowed to patients on a low salt diet, 
would counteract any effect of salt restriction. 
They demonstrated also that the virtue of the 
rice diet of Kempner was attributable to its 
low sodium content rather than to any 
specific virtue of the rice, as had been pre- 
viously claimed; that lowering of the blood 
pressure could be induced by the use of any 
monotonous diet such as the ingestion of pota- 
toes, peanuts, soybeans, etc.; and that the 
addition of salt to rice would result in the 
prevention of its hypotensive effects. With the 
introduction of the potent orally effective 
benzothiadiazine and phthalimidine diuretics, it 
became possible to induce sodium depletion with 
relative ease so that at present there is no longer 
any doubt as to its effectiveness. This con- 
sequently has been adopted widely as one of the 
most effective and safe procedures for treating 
hypertensive cardiovascular disease. 

Sodium-Induced Hypertension: Not only is the 
restriction of sodium effective in lowering the 


blood pressure in hypertension, but the ad- 
ministration of excessive amounts of sodium 
in the diet induces a chronic elevation in 
blood pressure in the experimental animal. 
This has suggested that the ingestion of ex- 
cessive salt may also play a role in inducing 
hypertension in the human. Steroids, notably 
desoxycorticosterone, which induce sodium 
retention were noted early to cause an elevation 
in blood pressure when administered in ex- 
cessive doses with salt to the human subject. 
In the rat a similar elevation in blood pressure 
was demonstrated to occur following the ad- 
ministration of various steroids even when the 
intake of sodium was not excessive. The 
combination of steroid, excessive sodium and 
unilateral nephrectomy greatly intensifies the 
vascular damage and the elevation in blood 
pressure. ‘The hypertensive effect of salt and 
unilateral nephrectomy may also be intensified 
by enucleation of the adrenal, which presumably 
acts by further intensifying the disturbance in 
electrolyte metabolism. 

Role of Other Electrolytes in Hypertension: A\l- 
though most attention has been devoted to 
the sodium ion in its relation to blood pressure, 
one would anticipate that alterations in the 
intake of other electrolytes normally present 
in the cell would likewise affect the blood 
pressure. Of the cations, sodium and potas- 
sium are frequently inversely affected in the 
organism, a loss of one ion being counteracted 
by a gain in the other. The deleterious effect 
of the sodium ion in elevating the blood pressure 
and inducing vascular damage may be counter- 
acted by the simultaneous administration of 
large amounts of potassium. Relatively little 
attention has been paid to the effect of anions 


.on the blood pressure, although these would be 


expected to influence to some degree at least the 
action of the cations with which they are 
associated. Selye and his collaborators have 
demonstrated that not only does the rélative 
amount of potassium present in the diet deter- 
mine whether the sodium ion will induce its 
sensitizing action but that the nature of the 
anion combined with the sodium plays an im- 
portant part in determining the severity of 
the reaction. Thus, sodium phosphate or 
sulfate is more effective in inducing lesions in 
the heart and blood vessels than is sodium 
chloride. 

Mechanism of Action of Sodium: As regards 
the mechanism whereby sodium and other 
electrolytes modify the blood pressure, it 
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is necessary to differentiate between the direct 
deleterious and permanent effects of drastic 
restriction or excessive feeding of an ion and 
the temporary effects on the blood pressure 
of a less drastic and prolonged alteration in the 
intake of the ion. Thus, excessive amounts of 
salt administered for many months to the intact 
rat or for shorter periods in the animal sensitized 
by unilateral nephrectomy and the administra- 


tion of mineralocorticoids induces obvious 
lesions in the cardiovascular-renal system, 
presumably by direct injury to the cell. There 


is evidence to indicate that sodium deprivation 
reduces the blood pressure by diminishing the 
plasma volume which has been shown to be 
expanded in the hypertensive. Similar changes 
follow the administration of benzothiadiazine 
derivatives, which presumably exert their hypo- 
tensive action by their natriuretic effect. 
Protracted administration of these drugs or 
continued sodium restriction induce other 
changes (probably in the composition of the 
tissues) which maintain this lowered blood 
pressure. 


ROLE OF SALT IN RENAL EDEMA 


The retention of salt and water with the pro- 
duction of edema may be encountered in any 
form of renal disease, but is most commonly 
seen in acute glomerulonephritis and in the neph- 
rotic states. In the former the edema is 
usually of short duration and is accompanied by 
hematuria, proteinuria and _ hypertension. 
There has been considerable argument con- 
cerning the pathogenesis of this edema; it 
probably reflects a combination of several 
factors, viz., myocardial failure, expansion of 
the vascular space, abnormal permeability of 
the capillaries, the specific glomerular lesion 
in the kidney which results in a decreased 
glomerular filtration rate and an_ increased 
reabsorption of sodium and water. 

In arteriolar nephrosclerosis there is involvement 
of the kidney with a disturbance in renal func- 
tion similar to that of chronic glomerular ne- 
phritis. Edema occurs in about two-thirds of 
patients with nephrosclerosis as a consequence 
of cardiac insufficiency or of an incapacity of 
the kidney to excrete salt and water normally. 

The nephrotic states include a heterogeneous 
group of disorders, viz., the subacute and chronic 
stages of glomerulonephritis, lipoid nephrosis, 
renal amyloidosis, intercapillary glomerulo- 
sclerosis, disorders of collagen involving the 
kidney, certain infections (treponema, plas- 
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modia, leptospira), hypersensitivity reactions 
to venoms or drugs, poisoning, bilateral throm- 
bosis of the renal veins, etc. This form of 
renal edema is characterized by massive pro- 
teinuria and hypoproteinemia which, in turn, 
contribute to the severity of the edema. How- 
ever, the oncotic pressure of the plasma may 
be reduced to exceedingly low levels without 
the development of edema if sodium is elimi- 
nated from the diet. Conversely, the edema 
may be reduced without any change in the 
level of the serum proteins when sodium is 
excluded from the diet. The view that the 
kidney in nephrosis suffers from a specific defect 
which prevents it from excreting sodium has not 
been established. 

Acute renal failure, regardless of its pathogene- 
sis, will be accompanied by edema if this was 
present prior to the onset of the acute failure, 
or if it is induced by the injudicious administra- 
tion of salt or water in amounts exceeding losses 
by available mechanisms. ‘The restriction of all 
electrolytes as well as the limitation of water 
intake to the volume lost by insensible perspira- 
tion or other routes from the body is obviously 
necessary if one is to avoid further accumulation 
of edema. When the edema is excessive, it 
may be removed by the use of an extrarenal 
procedure, such as the artificial kidney, or by 
intermittent peritoneal lavage. 

In chronic glomeronephritis an increased concen- 
tration of plasma electrolytes is uncommon; 
when it occurs it results usually from the ill- 
advised administration of sodium chloride or of 
sodium bicarbonate to correct acidosis, or as a 
result of dietary indiscretion. The excessive 
administration of isotonic salt solution in the 
face of impairment of renal function with re- 
duced glomerular filtration rate, combined with 
water loss by sweating and the excretion 
of a hypotonic urine, results in hypertonic- 
ity of the body fluids and dehydration. 
Patients with Bright’s disease manifesting azo- 
temia usually have a low salt intake because of 
their poor appetite and consequently may de- 
velop hypotonicity of their body fluids. This 
results in the transfer of water into the cells and 
the movement of electrolytes from the cells 
into the extracellular fluid. ‘The intake of water 
under these circumstances results in retention 
of water and the development of edema. Al- 
though not a common accompaniment of 
chronic glomerular nephritis, edema does appear 
at some time in the majority of patients with 
this disorder. It may be facial or dependent 


| 
J 
| 
| 
} 
| 
| 
| 
} 
| 
| 


600 Grollman 


and usually occurs in association with an acute 
exacerbation of the disease. 

Increased Salt Loss in Renal Insufficiency: Most 
instances of renal edema encountered clinically 
are associated with an accumulation of salt 
as well as of water in the body. However, 
in certain patients with chronic renal insuf- 
ficiency, there may be an abnormal loss of salt 
due to the incapacity of the diseased kidney 
to retain sodium. This may result in over- 
hydration of the tissues, leading to the edema 
of. water excess. This type of edema of renal 
origin may be recognized by the clinical mani- 
festations of water intoxication and obviously 
will be worsened by further restriction of salt. 
The administration of salt rather than its re- 
moval is obviously indicated in the sympto- 
matic management of this condition. 

Salt Restriction in Treatment of Renal Edema: 
As in other forms of edema accompanied by salt 
and water retention, the limitation of salt intake 
by dietary measures has long been recognized 
as a procedure of value in the management of 
edema of renal origin. Such restrictions may 
suffice to relieve the edematous state, but, if 
inadequate, should be supplemented by the 
use of diuretics. In patients with the more 
severe grades of renal insufficiency, the re- 
striction of sodium may lead to increasing renal 
failure and the general manifestations of the 
sodium deprivation syndrome. Such depletion 
of salt and water in severe renal disease may in 
fact precipitate oliguria, as a result of a de- 
ficient extracellular fluid volume, and what may 
appear to be the terminal phase of renal failure. 

Whatever the cause of edema, restriction of 
salt is an important adjunct to treatment be- 
cause edema fluid is essentially an ultrafiltrate 
of plasma, and the kidneys will not usually 
retain water unless salt is retained in the same 
proportion as it is present in the extracellular 
fluid. The volume of water retained will 
accordingly be limited by the dietary salt in- 
take. Where water is retained in excess of 
salt, hyponatremia ensues. In general, there 
is a tendency for the development of a mild de- 
gree of hypotonicity when the salt intake is 
drastically reduced. In acute glomerular ne- 
phritis the restriction of salt would appear to be 
desirable even in the absence of oliguria, edema, 
an elevation of blood pressure or nitrogen reten- 
tion, in order to counteract the tendency to- 
wards hypervolemia and the development of the 
complications mentioned. In other renal dis- 
orders in which there is an elevation in blood 


pressure, restriction of sodium would also be 
indicated as in other hypertensive patients. In 
such patients, however, precautions should be 
taken against the development of sodium de- 
pletion. 


OTHER DISTURBANCES IN SALT METABOLISM 


Abnormalities in salt metabolism are also 
encountered in other disorders. Jn cirrhosis of 
the liver with ascites there is retention of salt 
and drastic sodium restriction alone will cause 
the resorption of the ascitic fluid with less pos- 
sibility of inducing hypokalemia, loss of protein, 
or other undesirable side effects such as may 
follow the use of diuretics or paracentesis. 

In fibrocystic disease and in adrenal insufficiency, 
the loss of salt may induce collapse and remedi- 
able effects are obtained by administration of 
salt. So striking is the response in the case 
of adrenal insufficiency that following its original 
observation it was for a time believed to con- 
stitute an adequate replacement therapy. 

Sodium elimination by dietary restriction and 
by use of natriuretic agents has also become an 
important means of controlling such disorders as 
premenstrual edema and preeclampsia. However, 
it must be emphasized that in the latter disorder, 
despite the amelioration of the symptoms, the 
basic lesion in the glomeruli is apparently not 
affected. 


SUMMARY AND CONCLUSION 


Sodium chloride constitutes an _ integral 
part of the living organism and alterations in the 
concentration of its constituent ions in the body 
fluids have a profound influence on the animal 
economy. Such alterations are encountered 
in many disease processes and their understand- 
ing contributes not only to the elucidation of 


‘normal mechanisms but also of the pathogenesis 


of certain clinical disorders and their practical 
management. Alterations in sodium intake, 
particularly its drastic restriction, constitute an 
important part of therapy in several common 
disorders. Dietary restriction of sodium has 
certain advantages over the accomplishment 
of the same result by the administration of 
natriuretic agents and should be used together 
with these when indicated. 
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Panel Discussion 


Chairman: 


Dr. Melvin J. Fregly 


DISCUSSION OF PAPER BY DR. GROLLMAN 


ArTHUR CorcorAN (Cleveland, Ohio): How are 
the kidney biopsies in the preeclamptic patients 
performed? 

ARTHUR GROLLMAN: These were done when the pre- 
eclamptic subjects manifested hypertension, edema, 
etc. (Mautner et al., Year Book of Gynecology and 
Obstetrics, 1960). All patients were treated with a 
diuretic with marked clinical improvement. The 
biopsy was then repeated after delivery; before 
chronic hypertension developed in any patient. The 
lesion was still in the glomerular endothelium. 

MELvIN Frecty (Gainesville, Fla.): Is it too early 
to ask the outcome of your studies in which you fed 
diuretic agents to pregnant rats? 

ARTHUR GROLLMAN: No, it is not. But first, let 
us clear up the matter of semantics. There are many 
ways by which one can produce hypertension— 
metacorticoid, DCA, etc. Many people would 
like to consider each one as different, but with cer- 
tain limitations all of these can be explained as re- 
sults of an action on the kidney. If this be true, 
anything which modifies this fundamental function 
of the kidney may result in hypertension. One may 
injure the kidney by giving an animal a lot of salt, 
by increasing the intrarenal pressure, by constrict- 
ing the blood vessels, etc. All these procedures in- 
duce injury to the kidney. If one is born with a 
congenital defect which cannot be seen by the 
ordinary hematoxylin and eosin stain, this might re- 
sult in hypertension, and we call it “‘essential’’ hy- 
pertension. There is nothing “essential”? about it; 
it is congenital. This defect is present at birth and 
is inherited. It would certainly be of renal origin 
if it results from glomerulonephritis. We know that 
there are many other ways of injuring the kidney that 
may result in hypertension. One can put a clamp 
on the renal artery and take out the other kidney; 
it is the taking out of the other kidney which causes 
the hypertension and not the clamp alone. One 
can extirpate both kidneys, and the blood pressure 
goes up. I object strongly to referring to this reno- 
prival hypertension as if it had no relationship 
to the kidneys. We can produce hypertension by 
putting an animal on a potassium-free diet when 
it is young because that also injures the kidneys. 
When it grows up, hypertension develops just as in 
the woman with preeclampsia in whom, 10 years 
later, hypertension may develop and the patient 
perhaps dies because of the injury which had been 
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done to her kidney originally by the eclamptic proc- 
ess. Choline deficiency injures the liver and kid- 
ney and may kill the animal in a week, but if it sur- 
vives, the liver and the hemorrhagic kidneys recover, 
and in a few weeks the animal appears perfectly 
normal. But, 6 months later it has hypertension! 
We know from experience that the younger the animal 
at the time it is placed on the choline-free diet, the 
easier it is to induce this effect. That is why we start 
with weanling rats. We impose a much greater 
burden on a weanling rat than on an older rat. 

We may anticipate that the fetal kidney would be 
even more sensitive, and on that basis we have at- 
tempted and have shown that one can treat a preg- 
nant rat by a variety of measures (all of which pre- 
sumably affect the fetal kidney) and induce hyper- 
tension in the offspring. When we look at the new- 
born’s kidney at birth, it is perfectly normal. At 
three months its pressure is normal but at 6 months 
it has hypertension. Here we have a complete 
analogy to essential hypertension in the human 
being. ‘The kidney has been injured during em- 
bryonic life. One can also give a pregnant animal 
large doses of one of the natriuretic agents such as 
chlorothiazide which causes sodium and potassium 
depletion. One can also inject the mothers with 
aldosterone or put them on a potassium-free diet, 
and among the litters which survive there will be a 
certain number of offspring in which hypertension 
will develop, due to the fact that we are affecting 
the kidney at a period in life when it is highly sus- 
ceptible to injury. If we wait until the same rat is 
20 days old, we may have to use the same procedure 
for perhaps a month before producing an equal 
amount of injury. The practical implication would 
be that we shouldn’t be too free and promiscuous 
with the use of drugs in the pregnant woman. That 
is why I would deprecate the suggestion that all 
pregnant women be put on chlorothiazide routinely 
as a prophylactic. 

Davin Gorpon (Miami, Fla.): Dr. Wilson in 
England (Lancet, 1: 9, 1958) has shown that apply- 
ing x-rays to the kidneys will result in hypertension 
developing 3 or 4 months later. 

ARTHUR GROLLMAN: We have tried it in dogs, 
but unfortunately few survived. It is well known 
clinically that patients who are irradiated for tumors 
of the abdomen may have a very severe “malignant” 
form of hypertension and die (so-called “radiation 
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nephritis”). Usually the previously normotensive 
subject suddenly becomes hypertensive and cannot 
be differentiated clinically from a patient with malig- 
nant hypertension except for the fact that you know 
they were normotensive a month before. There have 
been a few experiments showing that one can do 
this in dogs. There is no question about radiation 
inducing hypertension. 

Davi Gorpon: In the adult rat it works fine. 

ARTHUR GROLLMAN: Hartman did some work on 
the effect of irradiation on the rat’s blood pressure. 

Daviw Gorpon: It takes quite a bit though, doesn’t 
it? 

ARTHUR Corcoran: Isn’t it in the order of 1800 
or 2400 “‘r,” a very large dose to the kidney. If it 
were given as a total body radiation, it would be 
fatal. 

ComMENT: In renal tissue of dogs, you have to go 
over 200 “‘r.”” 

FLoyp SKELTON (New Orleans, La): In the rat, 
too? 

ARTHUR CorRcoRAN: Yes, it is a high dosage in 
relation to other tissues. 

Smon Ko .etsky (Cleveland, Ohio): Rats which 
survive midlethal doses of radiation in about the 
500 to 800 “‘r’’ range may have what is called nephro- 
sclerosis as one of the late consequences of radiation 
poisoning accompanied by hypertension. This is 
probably a renal form of hypertension. It has been 
described by Nowell et al. (Rad. Res., 11: 545, 
1959) and Lamson et al. (Arch. Path., 64: 505, 
1957). 

Epwarp Raprorp (Boston, Mass.): Casarett 
at the University of Rochester also described this 
late renal effect in dogs (Atomic Energy Committee 
Report UR-492, University of Rochester, 1957). 

Artuur Otis (Gainesville, Fla.): Would you 
comment on pulmonary hypertension? 

ARTHUR GROLLMAN: The use of the term “‘hy- 
pertension”’ as synonymous with an elevation in blood 
pressure has caused no end of confusion clinically 
as well as experimentally. An elevation in blood 
pressure represents one hemodynamic factor. If 
you get excited, your blood pressure goes up, but 
you don’t have hypertension. One can remove the 
buffer nerves of a dog, its pressure is up because of 
lack of control, but it doesn’t show any of the other 
changes which occur in hypertension. In coarcta- 
tion of the aorta there is a high blood pressure in the 
upper extremities, but that is not hypertension be- 
cause there is no general increase in peripheral 
resistance. In “‘hypertensive disease” we are deal- 
ing with a specific disease entity. We have a con- 
dition characterized hemodynamically by an in- 
crease in diastolic pressure, an increase in peripheral 
resistance and a relatively normal cardiac output. 
It is also characterized by a certain clinical course 
and by a definite pathologic pattern. The patholo- 
gist does not have to take the blood pressure of the 


patient during life; he can look at a slide from any 
number of tissues and conclude that the patient died 
from hypertension. Hypertension as a disease has 
pathologic, physiologic and clinical features that 
make it a clinical entity. When we induce in an 
animal a condition which has the same hemody- 
namic, clinical (insofar as we can compare it) and 
pathologic characteristics, I cannot see how we can 
deny that we are dealing with a distinct clinical 
entity. But we are not relying simply on an eleva- 
tion of blood pressure. If you take the kidneys out 
of a rat and pump him full of saline and find his 
blood pressure is elevated, it is absurd to say you 
have produced hypertension. You haven’t. 

Now, pulmonary hypertension represents an eleva- 
tion in pressure in a particular part of the hemody- 
namic system, as in the case of coarctation of the aorta, 
but it does not have these other characteristics and, 
therefore, is not a form of hypertensive disease. So 
I would exclude that as I would exclude many other 
clinical conditions and many experimental hyper- 
tensive conditions accompanied only by an elevation 
in blood pressure. Conversely, the pressure may drop 
as the hypertensive disease persists. Every hyperten- 
sive subject becomes normotensive at least momentar- 
ily before he dies, but he hasn’t recovered from his 
disease. Many patients after a stroke or a myo- 
cardial infarction will have a normal pressure, but 
to say that they have recovered from their disease 
is absurd. ‘They still have their disease but cannot 
maintain one symptom of it, viz., the elevated blood 
pressure. We must apply these criteria to our ex- 
periments if we are to consider them analogous to 
the 6 or 7 per cent of humans who suffer from hyper- 
tension. 

Epwarp Freis (Washington, D. C.): Is the major- 
ity of this 7 per cent suffering from an intrinsic renal 
lesion at the outset of their hypertension? 

ARTHUR GROLLMAN: We can assume that prac- 
tically all of them are. We have no absolute evi- 
dence but as a working hypothesis, we can assume that 
there is an interference with some renal function 
not concerned with urinary excretion. ‘There are 
a few instances, such as the so-called ‘“‘unilateral”’ 
type of hypertension in which there is an infarction 
of the kidney, possibly also during the phase desig- 
nated as malignant hypertension, or the hy- 
pertension induced by tying a ureter, which 
have a different mechanism. In these, there is 
probably an elaboration of a pressor agent, since 
removal of the tissue cures the hypertension. I 
think these are different pathogenetically, but they 
are relatively small in number. ‘The few rare cases 
of aldosteronism or chromaphil-cell tumors, where 
removal of the lesion results in a drop in blood pres- 
sure, also obviously result from a different mech- 
anism. ‘The great majority of patients with ‘“es- 
sential” hypertension are suffering from, I believe, 
a congenital defect which is renal in origin. 
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Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


Long Period Continuous Electrocardiography 
of Active Persons 


An. AND novel system for continuous 
electrocardiography of active persons for 
long periods (10 or 20 hours) was described at 
the Fourth International Conference on Medi- 
cal Electronics held in New York recently, in a 
paper entitled ‘““The Electrocardiocorder and 
Related Instruments—Applications in Clinical 
Cardiology” by N. J. Holter and W. R. Glass- 
cock of the Holter Research Foundation, 
Helena, Montana. ‘The system consists of a 
self-contained portable recorder which provides 
many hours of continuous record which is then 
analyzed, using electronic units which make it 
possible to screen thousands of electrocardio- 
grams in a few minutes. 

Twelve years ago the Holter group proposed 
and demonstrated the -practical use of radio to 
obtain electrocardiograms from ambulatory 
subjects to free them from entangling wires 
(HoLTER and GENGERELLI. Rocky Mountain 
M. J., September 1949). However, this tech- 
nic requires radio receiving equipment and a 
corresponding limitation as to the subject’s 
location. Their next step toward greater free- 
dom was made by using a small radio receiver- 
recorder carried in a brief case and left by and 
near a person wherever he was in his normal 
daily activity. The latest system eliminates the 
radio transmitter and receiver by miniaturizing 
the amplifier and recorder into a single small 
portable unit called the electrocardiocorder 
(ECC) with an 80 to 100 hour battery supply 
and a 10 hour tape capacity. The other units, 
needed to process the voluminous resulting 
data, are called the AVSEP (Audiovisual 
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Superimposed ECG Presentation Analyzer), 
(Hotter, N. J. Ann. New York Acad. Sct., 
65: 913, 1957) and the Arrhythmiagraph 
(ARG) (Hotter, N. J. and Gtasscock, 
W.R. Proc. Montana Acad. Sci., 18:35, 1958). 
Chest leads, approximating V,, are generally 
used. 

The purpose of the electrocardiocorder- 
analyzer system is not only to eliminate re- 
stricting wires or locations but also to provide an 
opportunity for significantly long periods of 
continuous electrocardiography as a means 
of learning more about normal heart action 
during realistic conditions, and as an aid to the 
clinician in diagnosing and treating patients 
with questionable transient cardiac episodes. 

The AVSEP unit represents each electrocar- 
diogram rapidly superimposed on its predecessor 
in such a way that transient abnormalities are 
readily detected for study. An acoustic signal 
change is also heard if the electrocardiograms 
change. A clock unit indicates when the 
episode occurred. Figure 1 shows a series from 
a movie of the AVSEP screen showing an anginal 
attack in a man lifting heavy boxes in the course 
of his employment (case of Dr. John S. Gilson). 
The changes are seen in a dynamic manner on 
AVSEP as the attack occurs. In this case a 
questionable diagnosis was confirmed. 

The apparatus also includes an arrhythmia- 
graph which compresses pulse times (R-R 
intervals) into compact form seen as parallel 
vertical spikes, one for each beat and with a 
height proportional to pulse time. The re- 
sulting arrhythmiagram makes possible the 
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Fic. 1. Series of electrocardiograms photographed from the AVSEP screen 
during an anginal attack while the patient was lifting heavy boxes. 


rapid quantitative counting of all premature thus allowing convenient study of factors in- 
systoles in a given number of hours, for example, creasing or decreasing such events. 
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Letters to the Editor 


Muscular Subaortic Stenosis 


Dear Editor: 


On page 860 of Volume VII of the Journal 
there appears an article entitled ‘‘Muscular 
Subaortic Stenosis’”” by Drs. Daoud, Gallaher 
and Kaplan. I believe this article is worthy 
of some comment, because it seems to me to 
demonstrate what can happen when scientific 
medicine runs amuck. 

You will note that in this case report the 
youngster was admitted for correction of a 
cyst of the eyelid. As a result of a heart 
murmur and a palpable liver the child wound up 
having a left heart catheterization. A _ pres- 
sure gradient was allegedly detected across the 
aortic valve. I would like to point out that 
left ventricular systolic pressure was only 105 
mm. Hg, which corresponds very well with the 
auscultatory pressure in the arm taken at. the 
time of admission. An examination of the 
pressure curves and Figure 3 in the article 
suggests very strongly that the aortic curve is 
badly damped. On the basis of the single 
physiologic measurement, apparently, he was 
subjected to open heart surgery and unfortu- 
nately did not survive the procedure. Surely, 
this was a rather disastrous outcome for hospi- 
talization for an eyelid cyst! 

It seems to me that the interpretation of data 
presented in this case, that this child had 
idiopathic ventricular hypertrophy without any 
significant outflow obstruction of the left ventri- 
cle but with a damped arterial pressure curve 
taken at the time of left heart catheterization, 
better fits the facts than the authors’ interpre- 
tation that there was a significant obstruction 
at the level of the aortic valve. It seems to 
me that the presence of a low ventricular 
systolic pressure, in the face of what was 
presumed to be severe aortic stenosis, should 
have been examined with considerably more 
skepticism than evidently it was. Apparently, 
congestive heart failure was thought to be 
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responsible for the low ventricular systolic 
pressure, but the only fact bearing on the 
presence of ventricular failure in this instance 
was the fact that the liver was palpable clini- 
cally. No mention is made under the autopsy 
findings regarding liver size or microscopic 
evidence of congestion. It seems to me that 
this relevant fact should have been reported 
along with the other data. 

At least the authors have learned to be “‘cau- 
tious in such atypical cases, especially if surgery 
is contemplated.” It is to be hoped that they 
also will be cautious in interpreting the accuracy 
of their physiologic data, and possibly it might 
be well if they would check the frequency re- 
sponse and damping characteristics of the 
catheter-manometer system used in their studies 
in infants. 

GeorGcE R. Morrirt, JrR., M.D. 
Harrisburg, Pennsylvania 


AUTHOR’s COMMENT 


There was incontrovertible evidence of ob- 
struction, particularly to the left ventricular 
outflow, in the child reported as having muscu- 
lar subaortic stenosis. This was confirmed at 
autopsy. It is appreciated that the published 
pressure curves are damped. ‘The purpose of 
the paper was to emphasize the difficulty of 
differentiating congenital aortic stenosis from 
obstructive lesions produced by cardiomyo- 
pathies. The indication for left heart cathe- 
terization and open heart surgery are stated 
clearly in the paper. They included a greatly 
enlarged heart, congestive heart failure and 
electrocardiographic evidence of marked left 
ventricular hypertrophy. At autopsy the liver 
was enlarged, weighed 370 gm. (normal 295 
to 304 gm.) and showed evidence consistent 
with chronic congestion. 

Georces DAoub, M.D. 
Cincinnati, Ohio 
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College News 


PRESIDENT’S COLUMN 


The Work Shops 


INCE ITs beginning, the College has offered an Annual Meeting and an Interim 

Meeting. These have been successful and there is good argument for continuing 

in just this pattern. However, the growth of the Work Shops has to a considerable 

4 extent lessened the reasons for the Interim Meeting. If the Work Shops continue to 

develop in the manner which seems possible, the members of the College will have 

the opportunity of visiting one or several medical centers each year and enrolling in 

specific programs developed according to the College’s needs. These, when com- 

bined with the Annual Meeting, would offer a broad range of educational approaches 

4 and still maintain the opportunity for good fellowship ... which must remain an 
essential obligation of the College. 

The Work Shops have been a characteristic of the College since its beginning. 
Their intent has been to make available to the members the opportunity of visiting 
and working in laboratories of distinguished scientists and clinicians. As the concept 
has developed, it has become apparent that the Work Shops will take two directions: 
: (1) Work Shops which are of a symposium nature and lend themselves to audiences 
4 of twenty-five to several hundred; and (2) Work Shops which are tutorial in design 
and will give a very small group, perhaps from two to ten persons, the privilege to 
‘ come and work under the personal tutelage of a scientist or a clinician offering in- 
: struction and experience in a special discipline or skill. In this current year we will 
explore several approaches to extending the Work Shop concept; that which proves 
successful, we will develop. The College is youthful and able to experiment; lines of 
4 administration are short and flexible. Try to participate in at least one of the pro- 
b grams and be certain that you pass on to us your thoughts, criticisms and suggestions. 
The Work Shops have played a major role in the curriculum of the College and are a 
logical area for intensification of the College’s effort. 


E. Grey Dimonp, M.D. 
President 
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College News 


First International Circuit Course 


Cardiovascular Postgraduate Courses to be 


Presented in Manila and Taipei 


HE AMERICAN COLLEGE OF CARDIOLOGY in collaboration with the United States 

Department of State will present cardiovascular symposia in the Philippines and 
Taiwan under the auspices of the Philippine Ministry of Health, the Philippine 
Medical Association, the Philippine Heart Association, the Philippine Federation of 
Private Medical Practitioners and the University of Santo Tomas. The sponsor in 
Taiwan will be the National Defense Medical Center. 

The first faculty, under the leadership of Dr. E. Grey Dimond, is Dr. George Burch, 
Dr. Eliot Corday, Dr. Simon Dack and Dr. C. Walton Lillihei. 

Dr. Mariano Alimurung, Governor for the American College of Cardiology for the 
Philippines, will be the Program Director. Dr. Alimurung visited in the United States 
in September to arrange for the details of the curriculum and the selection of the fac- 
ulty. The Program Director in Taipei, Taiwan, will be Dr. Nong Ting, Professor 
and Chairman of the Department of Medicine, National Defense Medical Center. 

The first symposium will be conducted in Manila, Philippines, October 26 to 
November 1; the second, in Taipei, Taiwan, on November 3 and 4, 1961. 

The second and third International Circuit Courses in Cardiology are being de- 
veloped for Lisbon, Portugal, and Istanbul, Turkey, in February 1962 and for Paris, 
France, and Jerusalem, Israel, in March 1962. 
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608 College News 


American College of Cardiology 
Workshop 


November 17, 1961, University of Pennsylvania, Philadelphia, Pennsylvania 


Coordinator: Hadley L. Conn, Jr., M.D. 


Morning Session 
Donnor Auditorium, Hospital of the University of Pennsylvania 


9:15-11:30 a.m. 


PANEL ON DIGITALIS 


Chairman: T. G. SCHNABEL, JR., M.p., Assoc. Prof. of 
Medicine, University of Penn. School of 
Medicine 


1. Cellular Aspects of Digitalis Action. 
Rospert Lucu, m.p., Assoc. in Medicine, Uni- 
versity of Penn. School of Medicine 


2. Present Views of Mechanisms of Digitalis Action. 
TuHeoporeE RopmMan, M.D., V. A. Hospital, 
Philadelphia Inst. in Medicine, Temple University 
School of Medicine 


3. Studies Relating to Cardiac Failure and the Thera- 
peutic Indications for Digitalis Therapy. 
T. G. ScHNABEL, Jr., M.p., Assoc. Prof. of Medi- 
cine, University of Penna. School of Medicine 
4. Question—Answer Period 


5. Recent Developments in the Mechanisms of Action 
and Clinical Use of Quinidine. 
Hap.ey L. Conn, Jr., m.p., Assoc. Prof. of Medi- 
cine, University of Penn. School of Medicine 


Afternoon Session 
Alumni Hall, Hospital of the University of Pennsylvania 
1:00-4:15 p.m. 


PRESENT STATUS OF TREATMENT OF AORTIC VALVULAR 
DISEASE 


Chairman: Harry F. Zinsser, m.D., Assoc. Prof. of 
Medicine, University of Penn. School of Medicine 


1. Newer Diagnostic Methods for Evaluating Aortic 
Valvular Lesions. 
JoHn HELwic, m.p., Assoc. in Medicine, Uni- 
versity of Penn. School of Medicine 


2. Medical Management and Indications for Surgery 
of Aortic Valvular Lesions. 
Harry F. ZInsseEr, M.D., Assoc. Prof. of Medicine, 
University of Penn. School of Medicine 


3. Review of Surgical Procedures Used in the Treat- 
ment of Aortic Valvular Lesions. 
WiLu1aAM F. BLAKEMORE, M.D., Assoc. Prof. of 
Surgery, University of Penn. School of Medicine 


4. Total Prosthetic Replacement of the Diseased Aortic 
Valve. 
Ear LE Kay, m.p., St. Vincents Charity Hospital, 
Cleveland, Ohio 


5. Question—Answer Period 


CARDIAC PACEMAKERS 


Chairman: SAMUvuEL BELLET, M.D., Chief of Cardiology, 
Philadelphia General Hospital 


1. Historical Development and Clinical Experience 
with Cardiac Pacemakers. 
Paut M. Zo m.p., Assoc. Prof. of Medicine, 
Harvard University School of Medicine, Boston, 
Mass. 


2. Studies of the Effect of Pacemakers and Pacemaker 
Rate on Circulatory Dynamics. 
CLAUDE JOYNER, M.D., Asst. Prof. of Medicine, 
University of Penn. School of Medicine 


3. The Future of Cardiac Pacemakers in Light of Re- 
cent Developments. 
SAMUEL BELLET, M.D., Chief of Cardiology, 
Philadelphia General Hospital 


4. Question—Answer Period 


THE AMERICAN JOURNAL OF CARDIOLOGY 


AMERICAN COLLEGE OF CARDIOLOGY 
CARDIOVASCULAR WORKSHOP 


The Staff of the Institute for CardioPulmonary Diseases of the Scripps Clinic and Research Foundation, La Jolla, 
California, will offera POST GRADUATE COURSE FOR PHYSICIANS on December 5, 6, 7, 8, 1961. 


The Title of the Program is CARDIOLOGY: PHYSIOLOGY and BIOCHEMISTRY 


Tuition is $50.00 for Members and Fellows of American College of Cardiology. 
Tuition is $100.00 for other physicians. Residents and Internes admitted without charge. 


Registration will be in the main lobby at 8:30 a.m., Tuesday, December 5, 1961, and instruction will begin 
at 9:00 a.m. The course will run four full days, 9:00 a.m. to 5:00 p.m. and two evening sessions, 7:00 to 
9:00 p.m. Applications for enrollment accompanied by check should be sent to: Scripps Clinic and Re- 
search Foundation, 476 Prospect Street, La Jolla, California. 


If you wish further information regarding lodging, please write: The La Jolla Town Counsel, Inc., 7923 
Herschel Avenue, La Jolla, California. 


The subjects to be covered are listed below. This will be an intensive program devoted to demonstrations of the practical 
developments in these fields and the presentations will be directed to the practicing physician. 


Subjects: 
1. Basic Principles of Electrocardiography 17. The Electrocardiogram and Vectorcardiogram in 
Acute Myocardial Infarction 
2. Spatial Electrocardiography and Vectorcardiography 
3. Electrocardiogram in Congenital Heart Disease 18. Clotting Mechaniems in Ischemic Heart Disensc 
4. Concepts of Systolic and Diastolic Overload 19. Great Vessel Disease, Pathology and Surgical Therapy 
5. EKG Reading Session 20. The Carcinoid Syndrome 
6. Peri-infarction Block _ 21. Clinico-Pathological Conference 
7. Biochemistry of the Catecholamines 22. Biochemistry of Lipid Metabolism 
8. Biochemistry of Lipid Metabolism 
23. Phonocardiography in Congenital Heart Disease 
9. A Consideration of Medical Thyroidectomy 
: 24. Phonocardiography in Acquired Heart Disease 
10. New Concepts of Respiratory Control 
25. L F P dial M 
11. Use of Indicator Dilution Studies in Cardiovascular 


Disease 
26. Case Presentations 
12. Cine Angiocardiography 


13. The Anatomy of Coronary Disease 27. Monitoring of Cardiovascular Events 


14. The Biochemistry of Myocardial Metabolism 28. Basilar Artery Insufficiency 


15. The Physiology of Angina 29. Cine Renal Arteriograms 


16. The Exercise Electrocardiogram 30. The Biochemistry of Cardiac Glycosides 


Instructors: E. Grey Dimond, m.p.; Ivan Baronofsky, m.p.; Alberto Benchimol, m.p.; David B. Carmichael, m.p.; John C. 
Carson, M.p.; Herman F. Froeb, m.p.; Leslie H. Gaelen, m.p.; John J. Kelley, Jr., m.p.; William J. Kuzman, m.p.; Ernest E. 
Pund, Jr., M.p.; Robert Van Citters, m.p.; Willard P. Vanderlaan, m.p., Jacinto J. Vazquez, m.p.; Anton S. Yuskis, M.p.; 
Darrell D. Fanestil, m.p.; Byong Mok Kim, m.p.; James E. Lasry, M.p.; Bernard Leboeuf, m.p.; Robert E. Lee, m.p.; Jean 
F. Legler, m.p.; Harold M. Lowe, m.p.; Luis Morettin, M.p.; Mark W. Roberts, m.p. 
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PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome 


concise articles on new findings in cardiology. Asis customary in professional publications, 


statements in articles are the responsibility of the authors; articles must be contributed 
solely to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and 


may not be reproduced without permission of the publishers. 


Preparation of Manuscripts 


Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editorial of- 
fice, 466 Lexington Avenue, New York 17, New 
York ;‘include full name, degrees, staff position and 
affiliation; list bibliographic references in numerical 
order as referred to in text at the end of the article 
(not in footnotes). Please make certain each 
reference contains the name of author with initials; 
title of article; name of periodical with volume, page 
and year. For example: Lev, M. and Row att, 
U. F. Pathology of mixed levocardia. A review of 
thirteen cases of atrial or ventricular inversion with 
or without corrected transposition. Am. J. Cardiol., 
8:216, 1961. 


Preparation of Illustrations 


So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). All printing on illustrations 
should be done professionally or with heavy type. 
Reference to all illustrations should be inserted in the 
text in consecutive order. Please follow these 
identification instructions: Write the figure number 


and the author’s name on the back of each illustra- 


tion and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures, 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 
ers for excess illustrations and tables. 


Reviews, Abstracts 


Books for review may be sent directly to the Editor, 
Simon Dack, m.p., The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17. 


Permission to abstract must be obtained from the 
publisher. Only paid circulation journals will be 
permitted to abstract. 


Reprints 


Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17, 
New York. Prices are quoted after articles are 
published. 


The American Journal of Cardiology 
466 Lexington Avenue, New York 17, New York 
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YOUNG INVESTIGATORS’ AWARDS 
FOR 1962 


FIRST PRIZE IS REPRESENTED BY A SILVER MEDAL AND $1,000. 
Honorable Mention $250; Eight Additional Awards of $100 Each. 
The conditions of the awards are: 


ELIGIBILITY Any physician in residency or fellowship status or within 3 years 
following his residency or fellowship. 


SCOPE A formal presentation, 10 minutes in length, describing original 
investigation in which the contestant did either the work or was 
a significant member of investigating team. 


PROCEDURE An original manuscript and letter indicating intention to enter the 
competition must be in hands of Executive Director by January 1, 


1962. 


An accompanying letter from the chief of the service or laboratory 
indicating his willingness to have the material presented in the 
competition. 


Judging to be made by the Committee of Judges selected by the President of the Ameri- 
can College of Cardiology and their decision to be based upon (a) excellence and 
originality of investigation (b) excellence of written manuscript (c) excellence of 


presentation. 


Competition to be in Denver, Colorado, upon the occasion of the 11th Annual Meeting 
of the American College of Cardiology, date May 29 to June 2, 1962. 


Address queries and manuscript to: Executive Director, American College of Car- 
diology, Empire State Building, 350 Fifth Avenue, New York 1, New York. 
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Overeating takes many 


Americans to an early grave 


according to a massive, four-year study of five million 
insured Americans. * 


Overeating can be 


avoided with Tepanil — 


curbs appetite without appreciable CNS, vasopressor 
or psychic stimulation. 


even in the presence of hypertension, diabetes, or 
heart disease = ©V€M during and after pregnancy ® 
even when patients no longer lose weight on other 
drugs = €V€n in adolescents = VEN in the evening 


for continuous appetite control 


Tepanil Tentab 


(DIETHYLPROPION ‘NATIONAL’ CONTINUOUS RELEASE FORM) 


one tablet at 10 A.M. curbs appetite all day! 


Also available: TEPANIL® Regular Tablets, when divided dosage 
is desired. One tablet t.i.d., one hour before meals and at 
8 P.M. to curb midnight snacks. 


Side Effects: Clinically, side effects are rare. Approximately 3 
per cent of the patients report dryness of the mouth or thirst. 
Supplied: Tepanil Ten-tab — Continuous Release Tablets of 75 
mg. Bottles of 30. Tepanil — Tablets of 25 mg. Bottles of 100 
and 1000. 

*Build and Blood Pressure Study, Society of Actuaries, Chicago, 
lit., 1959, vol. 1, pp. 84, 89, 92. Trademark: TEN-TAB = _1-3479/60-1 


Division of Richardson-Merrell Inc. 


THE NATIONAL DRUG COMPANY 
Philadelphia 44, Pa. 
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NEW Oth 
EDITION 


MODERN DRUG ENCYCLOPEDIA, 


8th Edition, an authoritative source of information 
on new and established pharmaceuticals. Gives you 
pertinent facts ‘n concise form. Supplies facts you 
want to know to prescribe the new products with 
confidence. No struggle to keep cumbersome files up 
to date—just one compact bound volume and a 
compact binder for the monthly supplements. 


MODERN DRUG 
ENCYCLOPEDIA 


and Therapeutic Index with monthly supplement MODERN DRUGS 


The only complete reference on new 
as well as established products. 


Quickly answers questions about ethical pharmaceuticals. 


MODERN DRUGS 


A monthly supplement, with Robert S. Goodhart, 
M.D. as supervising editor, and John C. Helenore, 
Ph.G. as technical editor, supplies the same complete 
information on new pharmaceuticals as soon as they 
are available on your prescription. A convenient 
binder keeps the 24 issues together. Cumulative in- 
dices in each issue help you find any product listed in 


previous months. 


ORDER 
YOUR 
MODERN DRUG 
ENCYCLOPEDIA 
TODAY 


THE 
PHYSICIAN'S 
REFERENCE 
LIBRARY 

IN ONE VOLUME 
KEPT 
UP-TO-DATE 
MONTHLY , 


The Reuben H. Donnelley Corp., Publisher 
MODERN DRUG ENCYCLOPEDIA 
466 Lexington Avenue, New York 17, N.Y. 


Enclosed is $17.50* for my 8th Edition of MODERN DRUG ENCYCLOPEDIA and 
LJ Therapeutic Index and the Monthly Supplement—MODERN DRUGS. 


[ | Enclosed also is $3.50 for binder for MODERN DRUGS Monthly Supplement. 


For delivery in N.Y.C., please include 3% Sales Tax with remittance. 


Name 


Address 


City. Zone State 


U.S.A. $17.50 Foreign $23.50 (U.S. Currency) 


Please make checks payable to The Reuben H. Donnelley Corporation 


*includes 2-year supplementary service at $5.00 per year ($6.00 Foreign) 
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after 3 years’ clinical experience: 
here is what we now know about MER/29 andf. 


TISSUE SERUM TISSUE 


We know that MER/29 lowers choles- 
terol in 8 out of 10 patients, even 
without dietary restrictions. In 576 
patients studied by various physi- 
cians, average cholesterol levels 


ra) of, OTHER MEASURES No other meas- MER/29 Studies in patients have 
dropped from 303 me 7o to 241 me: 0 ures are proven to reduce tissue demonstrated a reduction of ap- 
—an average decrease of 62 mg. %. cholesterol even in the face of pronimately 40% of Hesse ehetee, 

serum cholesterol reduction. erol, as well as a significant 
We know that MER/29 reduces total reduction of the total sterol pool. 
sterols in both blood and tissue. SO J 
I We know that MER/29 does this by 

inhibiting the body’s own production effect on 
of cholesterol. body pool of cholesterol 


We know that its use in over 300,000 
patients reaffirms the safety margins 
established in early laboratory and 
clinical data. 


“During triparanol [MER/29] therapy there was a definite 


improvement in the electrocardiographic tracings in re- saf 
sponse to exercise in 3 of 11 subjects with angina pectoris.” ab 
We know that, in some patients, con- — Hollander, W., et al.: J.A.M.A. 174:5 (Sept. 3) 1960. ap’ 
current clinical benefits attend the use “Nitroelycer; acc 
of MER/29. Published papers on itroglycerine requirements decreased in 3 lof 5 out- the 
patient] patients, including the patient showing electro- 
MER/29 therapy to date RE PORS. Car cardiographic improvement.... Three [of 4 private male lov 
provement m 50 of the 79 anginal pa- patients], after a lapse of some weeks, showed improve- mo 
tients reported in these studies, and ment in exercise electrocardiograms, which was sustained age 
comparable results are being obtained but not further improved in subsequent observations.” S., 
in similar studies now in progress. —Corcoran, A. C., et al.: Progr. Cardiovasc. Dis. 2: (Pt.1) ; 
Among the other benefits reported are: 576 (May) 1960. a 
decreased incidence and “Of the 45 patients with coronary artery disease followed 
severity of anginal attacks for 1 year, 16 had a history of frequent anginal attacks. 
. Fourteen of these spontaneously stated that their angina 
improved ECG patterns disappeared within of | MER/29] 
diminished nitroglycerin one patient...with persistent coronary insufhciency pattern 
dependence (ST segment depressions in multiple leads), there was a 


complete reversion to a normal tracing during MER/29 
therapy with associated clinical improvement in angina.” 
—Lisan, P.: Progr. Cardiovasc. Dis. 2: (Pt. 1) 618 (May) 
1960. 


increased sense of well-being 
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\f....what we are learning about atherosclerosis 


INCIDENCE OF ATHEROSCLEROTIC 
HEART DISEASE (males, aged 45-62) 


“It has become generally accepted that elevated ELEVATED 

blood cholesterol or lipid, if sustained long enough, 
+ 99 normal above 260 mg.% obesity 

leads to early atherosclerosis. hypertension 


—Page, 1. H.: Mod. Med. 29:71 (Mar. 20) 1961. 


Epidemiologic studies show that low cholesterol levels 
are associated with low incidence of atherosclerosis 
and coronary artery disease. On the basis of such 
studies, Stamler has said: “...a 15 to 20 per cent re- 
duction in mean serum cholesterol levels alone might 
be associated with a 25 to 50 per cent reduction in 
coronary disease incidence rates in middle-aged men.” 
Stamler, J.: Am. J. Pub. Health 50:(Pt. 2) 14 —Adapted from Katz, L. N., and Pick, R.: Heart Bull. 
(Mar.) 1960. 8:82 (Sept.-Oct.) 1959. 


prevent or alter atherosclerosis. But the current evi- 
dence strongly supports this concept. 
Perhaps that’s why a growing number of physicians 
are now prescribing MER/29. They wish to assure 
Despite our knowledge of the action, benefits and their hypercholesterolemic, coronary artery disease, 
safety of MER/29, much remains to be discovered and atherosclerotic patients this reasonable hope. 
about the basic concept of cholesterol-lowering ther- 
apy. In this, MER/29 is comparable to the well- It is a decision facing every physician. 
accepted use of antihypertensive agents: we know 
they lower blood pressure, but we cannot prove that 
lowering blood pressure will also low bidity or Complete oom 
mortality. Yet few physicians hesitate to use these bibliography weitttoc 
agents. The possible good is too great to ignore. and prescription pride 
So it is with MER/29. No one can yet be certain that information full-length 
sustained, effective lowering of total body sterols will on request. report. 
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(triparanol) 


The Wm. S. Merrell Company 
Division of Richardson-Merrell Inc. 
Cincinnati, Ohio| Weston, Ontario 


Trademark: MER/29® 
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hundreds of 
pellets of 
protection 
against 


A 30 mg. Pentritol Tempule containing hun- 
dreds of pellets for 12 hour action produces 
a smooth, prolonged response similar to 
modern depot injections. Duration, frequency, 
and severity of anginal attacks are lessened.' 
Patients showing little progress with 80 mg. 
daily of PETN tablets, respond favorably to 
the smaller dose of Pentritol Tempules.? Kamil 
and Klinger report excellent results from a 
timed-disintegration pentaerythritol tetrani- 
trate capsule, with nitroglycerin requirements 
reduced as much as 85%.° 


PENTRITOL 
TEMPULES 


controlled disintegration capsules 


1. Biegeleisen, H. 1.: Clin. Med. 2:1005, 1955. 2. Roberts, J. T.: Clin. Med. 
4:1375, 1957. 3. Kamil, M., and Klinger, |.: New York State J. Med. 59:3398, 


nates nitroglycerin requirements, stops or reduces frequency of 


PENTRITOL—Each Pentritol Tempule is a controlled disintegra- 
anginal attacks, eliminates or mitigates pain, and increases capacity 


tion capsule containing 30 mg. of pentaerythritol tetranitrate in 


granular form. An initial dose of 10 mg. is released at once; a second 
dose 4 hours later; and a third dose 8 hours after ingestion. Thus, 
each Tempule affords at least 12 hours of coronary vasodilation. 
ACTION AND USES: Effective therapy for and prophylaxis against 
anginal attacks. One Tempule morning and evening will provide 
24 hours of effective medication, with a smooth, sustained clinical 
effect that has shown superior results. Pentritol reduces or elimi- 


for physical activity. CONTRAINDICATIONS: Observe caution in 
glaucoma. DOSAGE: One Pentritol Tempule morning and evening, 
approximately 12 hours apart. SUPPLIED: Bottles of 60 and 250. 
Also available: Pentritol®-B Tempules®, with 30 mg. pentaerythrito! 
tetranitrate and 50 mg. butabarbital, for 12 hours of coronary vaso- 
dilation plus sedation, 


IN ARMOUR PHARMACEUTICAL COMPANY 


KANKAKEE, ILLINOIS 


Originators of Listica* 
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now... ks 


a new calming agent with mild sedative effect 


m helps the cardiac or hypertensive patient slow down to the safer pace you recommend 
= controls the agitation and tension that aggravate his condition’? m= ins the patient 
and helps him get to sleep more easily m relatively free of side effects’* m low in cost, 
particularly when long-term or bee, ther papy is indicated 


dosage: otal daily dosage may range from as low as 40 mg. (one 20 mg. tablet twice daily) t é 
Generally, the most effective dosage is 20 mg. MY i In th atients who have difficulty sleeping, the last t 
be taken one hour before retiring. supply: TINDAL Tablet mg., t 
references: (1) Hirshleifer, | Adju V py a pre tt pr y 

Hartford, Conn., March 16, 1961. (2) Frohmar F The Alleviation of Str nt Eld Patient, ibid. t 

the Hyperactive Geriatric Patient, ibid. SCHERING CORPORATION - BLOOMFIELD, NEW JERSEY. 


FOR YOUR CARDIOVASCULAR PATIENT...WHEN YOU HAVE TO SAY 
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Isordil produces a dramatic 
decrease in the incidence and 
severity of Angina Pectoris' 


fourteen papers published within the past 
year document this therapeutic advance. 


Isordil “...appears to exert a more consistent and 
profound effect than any drug previously used for the 
prophylaxis of angina pectoris.’"! Rapid onset of 
action and prolonged effect are important advantages 
over other agents. ‘‘Benefits from [lsordil therapy] 
seemed to be more marked with continued use.’’! 


Other studies have shown similar striking results.2-7 
With Isordil, you can expect a ‘*... substantial reduc- 
tion in frequency and duration of [angina] attacks.’’2 
Nitroglycerin requirements often can be drastically 
reduced or eliminated. 


why Isordil is different 


e With its high solubility, comparable to that of nitro- 
glycerin, lsordil has a much faster onset of action than 
do some older therapies. For example, with Isordil 
the therapeutic lag caused by the low solubility of 
PETN is avoided. Isordil starts to work within 15 to 
30 minutes; as fast as two minutes if partially dis- 
solved in the mouth before swallowing. 


e Because the liver metabolizes it very slowly, Isordil 
has a longer duration of action—about 4 to 6 hours. 


References: 1. Albert, A.: Isosorbide Dinitrate in Treatment of Angina 
Pectoris, Journal Lancet 81:112 (Mar.) 1961. 2. Shapiro, S.: Angina 
Pectoris: Treatment with Isosorbide Dinitrate, Angiology 12:53 (Feb.) 
1961. 3. Leslie, R. E.: Coronary Vasodilators—A Comparative Study, 
Western Medicine 2:56 (Feb.) 1961. 4. Russek, H. |I.: Comparative 
Responses to Various Nitrates in the Treatment of Angina Pectoris, 
Journal of the Kansas City Southwest Clinical Society 36:14 (Dec.) 
1960. 5. Berry, J. W.; Carney, R. and Lankford, H.: Clinical Experiences 
with Isosorbide Dinitrate (lsordil®), Angiology 12:254 (June) 1961. 6. 
Sherber, D. A. and Gelb, I. J.: The Clinical Pharmacology of Isosorbide 
Dinitrate: A Unique, New Nitrated Polyalcohol, ibid. 7. Joseph, L. G. 
and Mancini, A.: Isosorbide Dinitrate in Angina Pectoris, ibid. 


——. literature and professional samples available on request. Con- 
sult direction circular or Physicians’ Desk Reference before prescribing. 


Isordil 


(ISOSORBIDE DINITRATE) 


Also Available: ISORDIL WITH PHENOBARBITAL, the 
accepted sedative for the relief of anxiety in heart patients. 


IVES-CAMERON COMPANY, New York 17, N. Y.(@ 


*Trademark 
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from the leader in cardiac resuscitation 
instrumentation 


= 


new pre-eminence 
in the prevention, 
detection and 


automatic treatment 


of Cardiac ArrestG@ the Electrodyne 
PMSs-S 


Proudly we present our latest and most refined instrument 
for the prevention, detection and automatic treatment of 
ventricular standstill through the application of efficacious 
electrical impulses through the intact chest or directly te 
the heart. 

Engineered for unexcelled valuable time-saving simplicity 
of operation, only Electrodyne offers an instrument of this 
type. Monitoring heart action visually and audibly, it in- 
Sstantly signals Cardiac Arrest and automatically provides 
external stimulation. Any Cardiac Arrhythmia is instantly 
recognizable on the highly visible large 5” Electrocardio- 
scope which presents a continuous display of the electro- 
cardiogram. 


Please write for an informative file of technical specifica- 
tions on this and other fine Electrodyne equipment. 


@ Only Electrodyne offers an 
instrument of this type. 


@ Full 5” electrocardioscope 
for greater visibility. 

®@ Simplicity of operation, 
functional appearance. 


j Electrodyne Company, Inc. 
20 Endicott Street, Norwood, Massachusetts, U.S. A, 


The reputation of Electrodyne instruments has established leadership in the field of medical electronics for the preventive 
detection and treatment of Cardiac Standstill, Ventricular Fibrillation and Cardiac Arrhythmias. 
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Hygroton’ 


brand of chlorthalidone 


in hypertension 
and edema 


17 days free each month 
from drug 
administration 


just one tablet 
Mon. Wed. Fri. 


The longest-acting by far 

of all the new agents 
introduced for 

hypertension and edema, 
Hygroton provides a 
smoother, less abrupt action 
which is sustained for 

as long as 72 hours...can 
initiate and maintain therapy 
on just 3 doses a week... 
saves the patient over 

¥3 in cost without sacrifice 
of therapeutic benefit. 


Hygroton® Tablets, 
100 mg., bottles of 100. 


Geigy Pharmaceuticals 

A Geigy Division of 

; Geigy Chemical Corporation 
a] Ardsley, New York 
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to TRADE up to a new BURDICK EK-III 


Is your electrocardiograph more than five years old? 
If it is, now is the time to trade up to a new Burdick 
EK-Ill. You'll get sharper, clearer records. Switching 
from lead to lead is instantaneous. True high fidelity 
will be yours with EK-IIl design that incorporates a 
more sensitive galvanometer, a new tubular stylus, 
a new amplifier system. A new console cabinet is 
available for added convenience and mobility of 
your ECG equipment. 


Cost is probably less than you think. Your old unit 
may have substantial trade-in value. Tax savings on 
depreciation write-offs will further reduce the cost. 


Let your Burdick dealer demonstrate the new EK:-IIl 
at your convenience, You'll see that now is the time 
to trade up to Burdick! 


THE BURDICK CORPORATION 


Milton, Wisconsin 


Dealers in all principal cities 
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Now Available 


| a Symposium on new methods of : 
diagnosis and management of | 
| Peptic Ulcer 


Here is an outline of the contents: 


IC 


. Formation of Hydrochloric Acid by the Stomach. The Current 
Status; C. ApriAN M. Hocsen . . . Vagal and Antral Mechanisms in 


IC ICICI IC 


Gastric Secretion; E. R. Woopwarp and Lioyp M. Nyuus.. . Influ- 


IC 


ence of the Liver upon Gastric Secretion; James S. CLARKE . . . The 1 
, Pathologic Physiology of Peptic Ulcer; Morton I. GrossMAN . . . 
Geographical and Environmental Aspects of Peptic Ulcer; Jack D. : 
WELsH and Stewart Wo tr . . . Endocrine Tumors and Peptic Ulcer; : 
RoserT M. and Tuomas V. Craic . . . Peptic Ulcer in Pri- 

mary Hyperparathyroidism; J. DonaLD Ostrow, GERALD BLANSHARD 


and SEyMour J. Gray . . . Ulcerogenic Drugs and Technics. Experi- 


mental and Clinical; Harry L. Seca. . . . Treatment of Peptic Ulcer. 


Current Concepts; Josep B. KirsNer and WALTER L. PALMER. 


A limited edition of the Symposium on Peptic Ulcer is available at 


$3.00 per copy. Order now. 
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“nutrition... present as a modifying or complicating 
factor in nearly every illness or disease state.” 


‘Vheragran 


SQUIBB VITAMINS FOR THERAPY 


clinically-formulated and potency-protected vitamins for your patients 
with cardiac disease who need therapeutic vitamin support 


@@ Who can say, for example, 
whether the patient chronically ill with myocardial 
failure may not have a poorer myocardium because 
of a moderate deficiency in the vitamin B-complex ? 
Something is known of the relationship of vitamin C 
to the intercellular ground substance and repair of 
tissues. One may speculate upon the effects of a 
deficiency of this vitamin, short of scurvy, upon the 
tissues in chronic disease.99’ 


Each Theragran supplies the essential vitamins in truly therapeutic amounts: 


Thiamine Mononitrate. . . . . 10mg. 
Pyridoxine Hydrochloride. . . . . . Omg. 


For full information see your Squibb Product Reference or Product Brief. 1. Youmans, J. B.; Am. J. Med. 25:659 (Nov.) 1958, 
2. Kampmeier, R. H.: Am. J. Med, 26:662 (Nov.) 1958. 


Squibb Quality —the Priceless Ingredient 


y “Theragran’® is a Squibb Trademark 


SQUIBB 
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MULTI-CHANNEL 
CAMBRIDGE 


FOR PHYSIOLOGICAL RESEARCH, CARDIAC CATHETERIZATION 
AND ROUTINE ELECTROCARDIOGRAPHY 


Versatile and comprehensive, this series of new multi-channel recorders pro- 
vides simultaneous indication and recording of EKGs, EEGs, stethograms, 
peripheral pulse waves, EK Ys, BCGs, pneumograms, intra-vascular and intra- 
cardiac blood pressures, blood pH, dye dilution curves and blood oxygen 
concentration. Various combinations of these functions can be traced simul- 
taneously on a single record. 


TWO BASIC MODELS ARE AVAILABLE: 


1. PHOTOGRAPHIC RECORDING: Preferred where 
high frequency recording is required. The instru- 
ment illustrated is a four-channel recording model 
with a two-gun monitoring oscilloscope. The upper 
trace indicates the variations in atrial pressure and 
the lower trace the pulmonary artery pressure. Any 
two channels may be monitored simultaneously with 
or without simultaneous recording on all channels. 
Four-gun Monitoring Oscillograph can also be fur- 
nished. Available in 2 to 8 channels. 


2. DIRECT WRITING: Desirable where the phenom- 
ena to be recorded are of medium and low frequency. 
All component parts are indentical to those used in 
the Photographic Model except that the recording 
is done by direct-writing galvanometers, rather than 
photographically. Available in 2, 3, or 4 channels. 

All tracings, Photographic or Direct-Writing are 
clearcut and accurate. Precise time and amplitude 
lines insure exact measurements of all tracings. 
Blood pressure variations, converted to electrical 
quantities by means of a pressure transducer, may 
be accurately measured and recorded without use 
of an external mercury manometer for calibration. 
The recording of instantaneous and average blood 
pressures is accomplished directly by operation of 
a single switch, thus eliminating time taking calcu- 
lations. 

We would be pleased to furnish additional infor- 
mation on the unique features of these fine instru- 
ments. 


Multichannel Photographic Recorder with Monitor 


CAMBRIDGE INSTRUMENT CoO., INC. 
Graybar Bidg., 420 Lexington Avenue, N. Y. 17, N. Y. 


Cleveland 2, Ohio Detroit 37, Mich. Oak Park, Ill. Jenkintown, Pa. Silver Spring, Md. 
8419 Lake Ave. 13730 W. Eight MileRd. 6605 WestNorthAve. 479 Old York Rd. 933 Gist Ave. 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 
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Sometime this month the 100,000,000th injection of Mercuhydrin will be given. 
We can interpret this figure in many ways... First of all, in terms of lives prolonged 


or saved ... in terms of therapeutic advances, for the modern approach to therapy 
of congestive heart failure owes much to the long-established efficacy and safety 
of this drug. The published literature, clinical and experimental, is enormous and 
continuous. After more than 15 years Mercuhydrin remains the pharmacologic 
standard for the clinical comparison of diuretics. And as a pharmaceutical prepa- 
ration, Mercuhydrin has not been surpassed in its stability and reliability. Lakeside 
is indeed proud of Mercuhydrin. Lakeside Laboratories, Inc. 


MERCUHYDRIN®, brand of merallur- 
ide sodium, Lakeside. Supplied in 1 cc. 
and 2 cc. ampuls in boxes of 12, 25 and 
100, and 10 cc. rubber capped, multiple 
dose vials in boxes of 6, 25 and 100. 
Needs no refrigeration. Contraindica- 
tions: Acute nephritis and intractable 
oliguric states. 
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extends the usefulness of Vitamin K, therapy... 


wu we || 
AQUEOUS COLLOIDAL SOLUTION C 


'a clear, stable, aqueous colloidal solution for administration 
‘intramuscularly intravenously subcutaneously 


ba 


a dosage form for every Vitamin K indication: 


AquaMEPHYTON (for intramuscular, intravenous, subcutaneous 
administration), 1-cc. ampuls containing 10 mg. MEPHYTON, Vitamin K, 
TABLETS MEPHYTON (for oral administration), 5 mg. 


EMULSION MEPHYTON (for intravenous administration only), 
1-cc. ampuls containing 10 mg. and 5@ mg. per cc. 
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OF MEPHYTON®, VITAMIN K, 


Vitamin K; “has a more prompt, more 
potent and more prolonged effect than 
the vitamin K analogues” * 


*Council on Drugs: New and Nonofficial Drugs, 
Philadelphia, J. B. Lippincott Co., 1960, p. 732 


reduces the hazard of hemorrhage 
due to hypoprothrombinemia in: 


* prophylaxis and therapy of hemorrhagic disease of the newborn 

* surgery, preoperatively and postoperatively 

¢ anticoagulant-induced prothrombin deficiency 

* inadequate absorption of Vitamin K 

* biliary tract disease 

* prothrombin-depressing drugs such as salicylates and phenylbutazone 
* inadequate endogenous production of Vitamin K 


For additional information, write Professional Services, 
Merck Sharp & Dohme, West Point, Pa. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INc., WEST POINT, PA. 


AquaMEPHYTON AND MEPHYTON ARE TRADEMARKS OF MERCK & CO., Inc. 
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The Surgical Masters 


—Their lives and labors—brought to youina fascinating new work 


Our 
Surgical Heritage 


by D. P. HALL, M.D. 
Surgical Department, University of Louisville, Louisville, Kentucky 


Foreword by Rosert M. Zo.uincer, M.D. 
Professor and Chairman, Department of Surgery, Ohio State University, Columbus, Ohio 


A collection of warm, penetrating biographical sketches of the Surgical 
Greats of our past. 


This material makes delightful reading, and also provides an appreciation 
and understanding of the historical background of Surgery. Ideal for 
Christmas gift distribution to Residents, Interns and Students or your 
Surgical Colleagues. 


From the Foreword: 


“Surely all would agree that familiarity with surgical history emphasizes 
that our forebearers without the benefit of modern science as we think of it 
made observations and devised procedures which have withstood the test of 
time. Their proper names are used in our daily practice to designate a 
disease, a syndrome, an instrument, or a surgical procedure. Such men, 
originating in many countries and oftentimes centuries apart, have provided 
a foundation which makes our care of patients safer and better than ever 
before in the history of mankind. We can hardly read the lives of those in- 
cluded in this ‘historical gem’ without feeling a challenge to make our own 
contributions.” 


(Our Surgical Heritage originally appeared in The American Journal of 
) 

THE AMERICAN JOURNAL ¢ OF SURGERY 

466 LEXINGTON AVENUE, New York 17, N. Y. 


Please send copies of Our Surgical Heritage at $6.00 each. 

(Discount of 25% for quantities of 12 or more copies. ) 

NAME____ 
(PLEASE PRINT) 

ADDRESS__ 
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whenever digitalis 
is indicated : 


formerly known as Digoxin W. & Co.’ 


: 
B., and Levine, Ss. A.: Cur 


Lown, n & Company, 


Boston, Little, Brow 


*“LANOXIN’ TABLETS “LANOXIN’® INJECTION ELIXIR PEDIATRIC 
0.25 mg. scored (white 0.5 mg. in 2 ee, (1.M. or L.\ 0.05 mg. in 1 ec 


0.5 mg. scored (green ) 


heal BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N.Y. 
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- brand 
“If one digitalis agent were 
to be recommended for its 
adaptability to the many and 
varied clinical contingencles» 
we believe Digoxim would be 
the drug of choice.” 
Concepts in Digitalis Therapy: 
1954, P- 23, pat- 2. 


maintains 


NORMAL on 0.12 H. 
SINUS DOSAGE. 


QUINAGLUTE 


DURA-TABS*° 


exclusive oral Sustained Medication* 
Quinidine Gluconate 5 gr. (0.33 Gm.) 


w CARDIAC ARRHYTHMIAS” 


Maximum efficacy: maintains effective quinidine blood levels all day, all night. Better 
tolerated: because quinidine gluconate is 10 times as soluble as the sulfate, and only 
part of daily Dura-Tab dosage contacts gastric mucosa. Maximum convenience: given 
q. 12 h.—no night dosage needed. 


DOSAGE: for conversion of auricular fibrillation to normal sinus rhythm, in most cases, 2 Dura-Tabs 
3 or 4 times a day, for 2 to 3 days; longer periods are required in some patients. For maintenance, 
2 Dura-Tabs q. 12 h. in most patients... Bottles of 30, 100 and 250 Quinaglute Dura-Tabs. 


For SAMPLES and complete literature*-?° 


giving indications, cautions, etc., write PDR 
WYNN 
*U.S. Patent CORPORATION Page 821 
—— Lancaster Ave. at 51st St., Philadelphia, Pa. also available INJECTABLE QUINAGLUTE 
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Advertisers’ Product index 
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Abbott Laboratories 


Enduron*/Enduronyl........ 36-37-—38-39 
American Optical Company 

Amfre-Grant, Inc. 


Armour Pharmaceutical Company 
Pentritol* 52 


Avionics Research Products Corporation 


ECG Signal Monitoring Equipment... 30 
Best Foods, Div. Corn Products Company 

Mazola Margarine/Oil.............. 44-45 
The Burdick Corporation 
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Burroughs Wellcome & Co. (U.S.A.), Inc. 

Cambridge Instrument Co., Inc. 

Multi-Channel Recorders............. 60 
Electrodyne Company, Inc. 

Cardiac Equipment.................. 55 
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Geigy Pharmaceuticals, Div. Geigy 
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Sintrom*/Tromexan*................ 41 
Hyland Laboratories, Inc. 

Ives-Cameron Company 

Lakeside Laboratories 


Lederle Laboratories, Div. American 
Cyanamid Company 


Thos. Leeming & Co., Inc. 

Eli Lilly & Company 

Medical Case History Bureau 

Heart Registry System................ 28 
Merck Sharp & Dohme, Div. Merck & 
Co., Inc. 

The Wm. S. Merrell Company 


Michael Reese Hospital and Medical 
Center 


40 
The National Drug Company 


Riker Laboratories, Inc. 


Lipo-Hepin* Fourth Cover 


Roche Laboratories, Div. of Hoffmann- 
La Roche, Inc. 


Sanborn Company 

Magnetic Data Recorder............. 24 
Schering Corporation 

G. D. Searle & Co. 

Schieffelin & Co. 


(Continued on next page) 


* Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 
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E. R. Squibb & Sons, Div. Mathieson 
Chemical Corp. 


Standard Brands 

Fleischmann’s Unsalted Margarine..... 
Telemedics Inc., Subsidiary Vector 
Manufacturing Company, Inc. 

Radio-Electrocardiograph............. 


Charles C Thomas, Publisher 
United States Catheter & Instrument 
Corp. 
Cardiac Catheters & Instruments...... 


40 


Walker Laboratories, Inc. 


Wallace Laboratories 

Warner-Chilcott Laboratories 


Winthrop Laboratories 


Wyeth Laboratories 


Wynn Pharmacal Corporation 


* Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 


ADVERTISING REPRESENTATIVES 


New York 

P. D. Brewer, R. P. Davis 
L, F. LeJacq, J. S. Richards 
Telephone ORegon 9-4000 


San Francisco 
Blanchard-Nichols Associates 
Telephone YUkon 6-6341 


Chicago 
R. H. Andrew, C. P. Haffner 
Telephone WAbash 2-7738 
« 
Los Angeles 
Curcat 


Blanchard-Nichols Associates 
Telephone TRemont 8-1935 
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MORE SECURITY IN 
POSTCORONARY YEARS 


DANILONE’ 


(Phenindione, Schieffelin ) 


A“MAXIMUM SECURITY” 
ANTICOAGULANT 


FAST, PRECISE ADJUSTMENT OF PROTHROMBIN LEVEL 
After recovery from a myocardial infarction, DANILONE—a “maximum security” anticoagulant 
— guards the patient against the inevitable! subsequent recurrence with less risk of hemorrhage. 
DANILONE has a short latent period and a short recovery period, and therefore, noncumu- 
lative action. Thus, the prothrombin level may be rapidly and accurately adjusted upward or 
downward by simple alteration of oral dosage. DANILONE may be administered to many 
patients with shock, debilitation, hepatic, renal or gastrointestinal disease. The practical advan- 
tages of DANILONE are well documented. 


EARLY ONSET “... fast in reaching therapeutic levels. ..”? 

FAST DISSIPATION “...rapid return to a normal level in the event of undue prolonga- 
tion of prothrombin time or hemorrhage.”’ (After withdrawal of DANILONE, the return to 
normal range of prothrombin time is well advanced in 24 hours, complete in 40 hours. ) 
RECORD OF SAFETY “...can be administered with reasonable safety in the presence 
of many conditions (other than that for which the anticoagulant is administered) ...”* 

The short latent period and rapid return to normal prothrombin blood levels when 
DANILONE is discontinued allow the physician to obtain even more satisfactory control by 
dividing the daily dose into two twelve-hour intervals. 

“‘An advantage of a twelve-hour dosage schedule is that only half the daily dose may have: 
been given when bleeding or excess prothrombin effect is discovered, allowing earlier adjust- 
ment of dosage or discontinuance.’ 

FEWER PROTHROMBIN DETERMINATIONS REQUIRED “... patients 
on long-term therapy can usually be...controlled with estimations at two- to four-week 
intervals,”’> after initial adjustment period. 


ECONOMICAL “...We have found phenindione inexpensive...” 
PREDICTABLE “...and relatively easy to manage with a reasonably constant daily 
dosage.” 

Complete literature available on request to physicians for indications, dosages and precautions. 


Supplied: In 50 mg. scored tablets, bottles of 100 and 1,000. 


1. Manchester, B.: Ann. Int. Med. 47:1202 (Dec.) 1957. 2. Harper, B.F., and Johnson, R.: J.M.A. Georgia 45:149 
(April) 1956. 3. Wood, J.L. et al.: J.A.M.A. 159:635 (Oct.) 1955. 4. Sise, H. et al.: Am. Heart J. 53:132 (Jan.) 1957. 
5. Dewar, H.A.: Practitioner 186:41 (Jan.) 1961. 


Schielfel 
Schioffeten e Co. / Prnce 4794 C:> Pharmaceutical Laboratories Division, New York 3, N. Y. 
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to prevent pain and anxiety 
In angina 


For your angina patients, EQUANITRATE helps control pain and angina- 
triggering anxiety. EQUANITRATE reduces the number and severity of attacks, 
increases exercise tolerance, and lessens nitroglycerine dependence. Russekt 
reports “‘The best results . ..in both clinical and electrocardiographic response, 
were observed with a combination of meprobamate and pentaerythritol 
tetranitrate [EQUANITRATE] in the patients studied.” 


For further information on the limitations, administration, and prescribing 
of EQUANITRATE, see descriptive literature or current direction circular. 
tRussek, H.I.: Am J. Cardiol. 3:547 (April) 1959. 


Supplied: EQuanitraTE 10 (200 mg. meprobamate, 10 mg. pentaerythritol tetranitrate), 
white oval tablets, vials of 50. EQUANITRATE 20 (200 mg. meprobamate, 20 mg. pentaerythritol 
tetranitrate), yellow oval tablets, vials of 50. 


Wyeth Laboratories Philadelphia 1, Pa. 


MEDICINE 


BMaquanitrate 


Meprobamate and Pentaerythritol Tetranitrate, Wyeth 
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If postcoronary management is 
of special interest to you, 
consider the demonstrated value 
of sublingual heparin .. . 


“In a controlled clinical study of 260 postcoronary 
patients, one-half were given sublingual heparin and 
| one-half received conventional treatment. During 
the period of observation, averaging more than 2 
| years per patient, there were 12 recurrent infarctions 
in the heparin-treated group and 38 in the control 


eroup. This difference is statistically significant.” 
Fuller, H. L.: Angiology /7:200 (June) 1960. 


Simple and safe for long-term therapy, Clarin* (sublingual heparin) effectively con- 
trols the prolonged postprandial lipemia associated with atherosclerosis by facilitating 
the normal physiologic breakdown of fats. Unlike parenteral heparin, the use of Clarin 
requires no clotting-time or prothrombin determinations. The antilipemic activity of 
each manufactured lot of tablets is confirmed by sublingual control tests in animals. 


i Indication: For the management of hyperlipemia 

associated with atherosclerosis, especially in the 

] postcoronary patient. Dosage: After each meal, 
hold one tablet under the tongue until dissolved. a 

Supplied: Bottles of 50 pink, sublingual tablets, 

each containing 1500 I.U. heparin potassium. Clarin 

An informative booklet, “Hyperlipemia, Heparin 

and Management of the Postcoronary Patient,” (sublingual heparin potassium, Leeming) 

is available from Thos. Leeming & Co., Inc., 

155 East 44th St., New York 17, N. Y. 


*Registered trade mark. Patent applied for, 
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Positive 
Antithrombotic 
Therapy 


H E PARI N is the only substance that protects against the 


organization and extension of thrombi by 
acting on both the clotting mechanism and : 
on elevated lipid levels. a 


There is a growing body of evidence 
for inter-relationships among 

elevated serum lipids, atherosclerosis, 
hypercoagulability, and thrombosis. 


INCREASED ELEVATED 
INTRAVASCULAR uneing SERUM LIPIDS 
TENDENCY 


LIPO-HEPIN 


(HEPARIN SODIUM) 


THROMBOSIS ATHEROSCLEROTIC 
LESIONS 


OCCLUSION 


LIPO-HEPIN 


HEPARIN SODIUM INJECTION, AQUEOUS 


RIKER: LABORATORIES, INC. 
NORTHRIDGE, CALIFORNIA 
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